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PREFACE

The California Departnent of Fish and Gane (CDFG is
responsi bl e for protection and nmanagenent of fish and wildlife.
The CDFG protects fish and wildlife from pesticide hazards through
consultation with the California Environnental Protection Agency's
Department of Pesticide Regulation (DPR) Pesticide Registration and
Eval uation Conmittee and Pesticide Advisory Conmttee. The State
Wat er Resources Control Board and the Regional Water Quality
Control Boards al so protect fish and wildlife by promul gating and
enforcing water quality standards for pesticides and other toxic
materials. In recognition of the need for applicable environnental
standards for fish and wildlife, DPR contracted with CDFG to assess
the effects of pesticides on fish and wildlife and to facilitate
t he devel opment of water quality criteria to protect aquatic
or gani sns.

This docunent is the fourth in a series of pesticide hazard
assessnments. Hazard assessnents have al so been prepared for the
her bi ci des nolinate and thi obencarb and the insecticides nethyl
par at hi on and car bof ur an.
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by
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SUMVARY

Interimfreshwater and final saltwater Water Quality Criteria
(WQXC) for protection of aquatic organisns fromthe insecticide
chl orpyrifos were devel oped and a hazard assessnent was perforned
for California s Sacranmento-San Joaquin River system

One hundred twenty tests on the acute and chronic toxicity of
chlorpyrifos to aquatic organi snms were revi ewed and eval uated. The
nost acutely sensitive freshwater species tested was the cl adoceran
Ceri odaphnia dubia with a mean 96-h LGCs, val ue of 0.10 pg/L.

Maxi mum Accept abl e Toxi cant Concentration (MATC) val ues were
avai l abl e for only one freshwater species, the fathead m nnow

Pi nephal es pronel as; the nmean MATC val ue was 3.44 ug/L. The nost
acutely and chronically sensitive saltwater species tested was the
nmysid Mysidopsis bahia with a nean LG, val ue of 0.04 and MATC

val ue of 0.003 pg/L.

The cal cul ated freshwater Final Acute Val ue (FAV) for
chl orpyrifos was 0.07 pg/L. The cal cul ated saltwater FAV was 0.03
pg/ L. The Final Acute-Chronic Ratio (FACR) for both freshwater and
saltwater was 4. The freshwater Final Chronic Value (FCV) was 0.02
pg/ L (FCV=FAV/ FACR). The saltwater Final Chronic Value (FCV) was
0.01 pg/L. Interimfreshwater and final saltwater WQC of 0.02 and
0.01 pg/L, respectively, are proposed for the Sacranento- San
Joaquin Estuary. The U S. Environnental Protection Agency (EPA)
freshwater and sal twater chronic WQC are 0.041 and 0. 0056 pg/L,
respectively. The DFG proposed criteria are simlar to the EPA
criteria in that they differ by a factor of two or |ess.

Chlorpyrifos nmonitoring data are not available for the
Sacranento River system Detected concentrations in the San
Joaquin River systemranged fromO0.01 to 1.6 pg/L from March 1991
t hrough February 1993. Concentrations greater than the WQC of 0.02
Mg/ L have been detected in the San Joaquin River systemfor periods
of time long enough to result in chronic exposure for aquatic
or gani ss.

Chronic toxicity data for freshwater invertebrates,
particul arly Ceriodaphnia dubia, are necessary to better define the
FACR. Additional chronic toxicity data for species for which acute
data are avail abl e woul d al so be useful .



Monitoring of the Sacranento-San Joaquin R ver system should
be continued and i nproved to include daily concentrations during
several nonths to better assess the hazard posed by chlorpyrifos to
aquati c speci es.
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| NTRODUCTI ON

The or ganophosphate insecticide chlorpyrifos is applied to
alfalfa, citrus, cotton, apples, nuts, vegetables, and other
crops. In 1990, the only year for which conplete data are
avai l abl e, 1,120,364 kg of chlorpyrifos were used in California
(California Departnent of Pesticide Regulation [DPR] 1990).

Chl orpyrifos was detected periodically in the San Joaquin
Ri ver system by the Central Valley Regional Water Quality Contro
Board (CVRWQCB) and the California Departnment of Pesticide
Regul ation (DPR) from March 1991 through February 1993 (Table 1).
Det ected concentrations ranged fromO0.01 pg/L to 1.6 pg/L. The
U. S. Ceol ogical Survey (USGS) nonitors the Sacranento R ver
system for chlorpyrifos, but data are not yet available. No
chl orpyrifos nonitoring data were avail able for saltwater.

The toxic effects of chlorpyrifos on aquatic animls were
assessed by evaluating toxicity tests published in the scientific
literature and corporate | aboratory reports from confidenti al
files submtted to DPR in support of pesticide registration.
Chlorpyrifos toxicity tests were evaluated for confornance with
specific criteria adapted from U.S. Environnental Protection
Agency (EPA) (1985) guidelines and the American Society of
Testing and Materials (ASTM (1978, 1980, 1983, 1984, 1985, 1987,
1988a, 1988b, 1988c, 1989, 1990, 1992). Although toxicity tests
were not required to conply with all criteria, tests were
rejected if they did not observe inportant procedures such as
mai nt ai ni ng sufficient organismsurvival in control treatnents.
The Water Quality Criterion (WQC) was cal cul ated using data from
accepted tests and net hods adapted from EPA (1985) gui deli nes

(Appendi x D).



Table 1. Concentrations of chlorpyrifos (ug/L) detected in the
San Joaquin River system March 1991 through February 1993.

Dat e Location? Concentration
4/ 13/ 92 Bi shop Cut at Eight MIle Road 0.01°
3/19/91 Del Puerto Creek 0.12°
4/ 23/ 91 Del Puerto Creek 0. 04°
5/ 15/ 91 Del Puerto Creek 0. 02°
5/ 28/ 91 Del Puerto Creek 0.01°
12/ 23/91 Del Puerto Creek 0.01°
1/ 05/ 92 Del Puerto Creek 0.01°
2/ 03/ 92 Del Puerto Creek 0.01°
2/ 10/ 92 Del Puerto Creek 0.03°
4/ 271 92 Del Puerto Creek 0.03°
5/ 04/ 92 Del Puerto Creek 0. 02°
5/ 11/ 92 Del Puerto Creek 0. 04°
5/ 18/ 92 Del Puerto Creek 0.01°
5/ 25/ 92 Del Puerto Creek 0.01°
6/ 01/ 92 Del Puerto Creek 0. 02°
6/ 15/ 92 Del Puerto Creek 0.01°
6/ 22/ 92 Del Puerto Creek 0. 04°
2/ 08/ 93 Hi ghl i ne Spill way 0. 07¢
3/19/91 I ngr am Hospi tal Creeks 0.57°
4/ 23/ 91 I ngr am Hospi tal Creeks 0.03°
5/ 15/ 91 I ngr am Hospi tal Creeks 0.01°
5/ 28/ 91 I ngr am Hospi tal Creeks 0. 02°
9/ 09/91 I ngr am Hospi tal Creeks 0. 33"
1/ 28/ 92 I ngr am Hospi tal Creeks 0.01°
2/ 10/ 92 I ngr am Hospi tal Creeks 0.01°
3/09/92 I ngr am Hospi tal Creeks 0.01°
3/ 16/ 92 I ngr am Hospi tal Creeks 0. 06°
4/ 271 92 I ngr am Hospi tal Creeks 0.01°
5/ 04/ 92 I ngr am Hospi tal Creeks 0. 02°
5/ 11/ 92 I ngr am Hospi tal Creeks 0.01°
5/ 18/ 92 I ngr am Hospi tal Creeks 0.01°
5/ 25/ 92 I ngr am Hospi tal Creeks 0.01°
6/ 15/ 92 I ngr am Hospi tal Creeks 0.01°
6/ 22/ 92 I ngr am Hospi tal Creeks 0.01°
2/ 08/ 93 Li vi ngston Spil | way 0. 10¢
4/ 23/ 91 Los Banos Creek 0.01°
4/ 23/ 91 Merced River 0.01°
1/ 20/ 92 Merced River 0.01°
1/ 28/ 92 Merced River 0. 02°
2/ 17/ 92 Merced River 0. 05°
2/ 18/ 92 Merced River 0. 06°¢
3/09/92 Merced River 0.01°
4/ 13/ 92 Merced River 0. 13"
4/ 271 92 Merced River 0.01°
5/ 04/ 92 Merced River 0.01°
2/07/93 Merced River 0. 07¢
2/ 09/ 93 Merced River 0. 06°¢



Table 1. Continued -2-

Dat e Locati on? Concentration
4/23/91 Mud Sl ough 0.01°
4/ 23/ 91 Newman Wast eway 0.01°
1/ 15/ 93 Newman WAst eway 0.12¢
2/ 09/93 Newman WAst eway 0. 14¢
3/19/91 Orestinmba Creek 0.12°
4/18/91 Orestinmba Creek 0. 15°
4/23/91 Orestinmba Creek 0.01°
5/ 15/ 91 Orestinmba Creek 0.12°
7/ 30/ 91 Orestinmba Creek 0.72°
2/ 10/ 92 Orestinmba Creek 0. 02°
4/ 20/ 92 Orestinmba Creek 0. 02°
4/ 27/ 92 Orestinmba Creek 0. 09°
5/ 04/ 92 Orestinmba Creek 0. 08°
5/11/ 92 Orestinmba Creek 0. 02°
5/ 18/ 92 Orestinmba Creek 0.01°
5/ 25/ 92 Orestinmba Creek 0.01°
6/ 15/ 92 Orestinmba Creek 0.01°
6/ 22/ 92 Orestinmba Creek 0. 02°
3/ 16/ 92 Salt Sl ough at HW 165 0.01°
4/ 13/ 92 Salt Sl ough at HW 165 0.12°
5/ 15/ 91 San Joaquin River at Airport Road 0.01°
1/ 20/ 92 San Joaquin River at Airport Road 0.01°
1/ 28/ 92 San Joaquin River at Airport Road 0.03°
2/ 17/ 92 San Joaquin River at Airport Road 0. 02°
3/09/92 San Joaquin River at Airport Road 0.03°
4/ 27/ 92 San Joaquin River at Airport Road 0.01°
5/ 04/ 92 San Joaquin River at Airport Road 0.01°
5/11/92 San Joaquin River at Airport Road 0.01°
4/ 23/ 91 San Joaquin River at Frenont Ford Park 0.01°
1/ 28/ 92 San Joaquin River at Frenont Ford Park 0.01°
2/ 17/ 92 San Joaquin River at Bowman Road 0.01°
6/ 12/ 91 San Joaquin River at Hills Ferry Road 0.01°
1/ 28/ 92 San Joaquin River at Hills Ferry Road 0. 02°
3/16/92 San Joaquin River at Hills Ferry Road 0.01°
4/ 27/ 92 San Joaquin River at Hills Ferry Road 0.01°
5/11/92 San Joaquin River at Hills Ferry Road 0. 02°
3/18/91 San Joaquin River at Laird Park 0. 05¢
4/ 25/ 91 San Joaquin River at Laird Park 0. 05¢
4/ 26/ 91 San Joaquin River at Laird Park 0.07°
5/ 15/ 91 San Joaquin River at Laird Park 0.01°
5/ 28/ 91 San Joaquin River at Laird Park 0. 02°
1/ 20/ 92 San Joaquin River at Laird Park 0.01°
1/ 28/ 92 San Joaquin River at Laird Park 0. 02°
2/ 03/ 92 San Joaquin River at Laird Park 0.01°
3/09/92 San Joaquin River at Laird Park 0. 04°



Table 1. Continued -3-

Dat e Locati on? Concentration
3/16/92 San Joaquin River at Laird Park 0.01°

3/ 30/ 92 San Joaquin River at Laird Park 0.01°

4/ 13/ 92 San Joaquin River at Laird Park 0. 02°

4/ 20/ 92 San Joaquin River at Laird Park 0.03°

4/ 27/ 92 San Joaquin River at Laird Park 0. 02°

5/ 04/ 92 San Joaquin River at Laird Park 0. 02°
5/11/92 San Joaquin River at Laird Park 0. 02°

5/ 18/ 92 San Joaquin River at Laird Park 0.01°
6/01/92 San Joaquin River at Laird Park 0.01°

6/ 15/ 92 San Joaquin River at Laird Park 0.01°

6/ 22/ 92 San Joaquin River at Laird Park 0.01°

8/ 19/ 92 San Joaquin River at Laird Park 0. 35¢

2/ 10/ 93 San Joaquin River at Laird Park 0. 06°¢
2/11/93 San Joaquin River at Laird Park 0. 07¢

4/ 23/ 91 San Joaquin River at Maze Bl vd 0. 02°
1/ 28/ 92 San Joaquin River at Maze Bl vd 0.01°
4/ 25/ 91 San Joaquin River at Patterson 0. 08¢
2/ 10/ 93 San Joaquin River at Patterson 0. 08¢
4/ 26/ 91 San Joaquin River at West Min 0. 09"
1/ 28/ 92 San Joaquin River at West Min 0.01°
3/19/91 Spani sh Grant Conbi ned Drain 0.47°

4/ 18/ 91 Spani sh Grant Conbi ned Drain 0.11°

5/ 15/ 91 Spani sh Grant Conbi ned Drain 0.22°

5/ 28/ 91 Spani sh Grant Conbi ned Drain 0.21°

6/ 12/ 91 Spani sh Grant Conbi ned Drain 0.03°

2/ 10/ 92 Spani sh Grant Conbi ned Drain 0. 08"

4/ 271 92 Spani sh Grant Conbi ned Drain 0. 19"

5/ 04/ 92 Spani sh Grant Conbi ned Drain 0.07°

5/ 11/ 92 Spani sh Grant Conbi ned Drain 0. 04°

5/ 18/ 92 Spani sh Grant Conbi ned Drain 0. 05°

5/ 25/ 92 Spani sh Grant Conbi ned Drain 0.03°

6/ 01/ 92 Spani sh Grant Conbi ned Drain 0.17°

6/ 15/ 92 Spani sh Grant Conbi ned Drain 0.01°

6/ 22/ 92 Spani sh Grant Conbi ned Drain 0.01°
4/23/91 St ani sl aus Ri ver 0.01°

6/ 12/ 91 St ani sl aus Ri ver 0.01°

1/ 28/ 92 St ani sl aus Ri ver 0.01°

5/11/ 92 St ani sl aus Ri ver 0.01°

6/ 22/ 92 St ani sl aus Ri ver 0.01°

1/ 20/ 92 Tuol umMme Ri ver 0. 02°

1/ 28/ 92 Tuol ume Ri ver 0.01°

2/ 17/ 92 Tuol utMme Road 0. 03°

4/ 27/ 92 Tuol umMme Ri ver 0.01°

5/ 04/ 92 Tuol umMme Ri ver 0.01°

5/11/ 92 Tuol umMme Ri ver 0.01°

5/ 25/ 92 Tuol umMme Ri ver 0.01°

6/ 15/ 92 Tuol umMme Ri ver 0.01°



Table 1. Continued -4-

Dat e Locati on? Concentration
3/04/91 Turlock Irrigation Drain #3 0.12°
3/19/91 Turlock Irrigation Drain #3 0.23°
4/ 04/ 91 Turlock Irrigation Drain #3 0. 06°
1/ 05/ 92 Turlock Irrigation Drain #3 0.02°
1/ 20/ 92 Turlock Irrigation Drain #3 1. 60"
2/ 10/ 92 Turlock Irrigation Drain #3 0. 74°
2/ 17/ 92 Turlock Irrigation Drain #3 0.17°
3/02/92 Turlock Irrigation Drain #3 0. 04°
3/09/92 Turlock Irrigation Drain #3 0.12°
3/16/92 Turlock Irrigation Drain #3 0. 04°
5/ 04/ 92 Turlock Irrigation Drain #3 0.01°
5/11/92 Turlock Irrigation Drain #3 0.01°
5/ 18/ 92 Turlock Irrigation Drain #3 0.01°
3/19/91 Turlock Irrigation Drain #5 0. 05°
4/ 04/ 91 Turlock Irrigation Drain #5 0. 02°
4/ 25/ 91 Turlock Irrigation Drain #5 0. 23¢
4/ 26/ 91 Turlock Irrigation Drain #5 0.19°
12/18/91 Turlock Irrigation Drain #5 0.01°
1/ 05/ 92 Turlock Irrigation Drain #5 0.01°
1/ 13/ 92 Turlock Irrigation Drain #5 0.01°
1/ 28/ 92 Turlock Irrigation Drain #5 0.01°
2/ 03/ 92 Turlock Irrigation Drain #5 0.01°
2/ 10/ 92 Turlock Irrigation Drain #5 0. 04°
2/ 17/ 92 Turlock Irrigation Drain #5 0. 08"
3/09/92 Turlock Irrigation Drain #5 0. 08"
4/ 27/ 92 Turlock Irrigation Drain #5 0. 02°
5/ 04/ 92 Turlock Irrigation Drain #5 0.01°
5/11/92 Turlock Irrigation Drain #5 0. 05°
5/ 25/ 92 Turlock Irrigation Drain #5 0.01°
6/01/92 Turlock Irrigation Drain #5 0.01°
6/ 22/ 92 Turlock Irrigation Drain #5 0.01°
2/ 09/ 93 Turlock Irrigation Drain #5 0. 07¢
5/ 28/ 91 Turlock Irrigation Drain #6 0. 15°
7/ 15/ 91 Turlock Irrigation Drain #6 0.01°
1/ 20/ 92 Turlock Irrigation Drain #6 0.17°
1/ 20/ 92 Turlock Irrigation Drain #6 0.01°
2/ 03/ 92 Turlock Irrigation Drain #6 0. 05°
2/ 10/ 92 Turlock Irrigation Drain #6 0.12°
2/ 17/ 92 Turlock Irrigation Drain #6 0. 04°
4/ 06/ 92 Turlock Irrigation Drain #6 0. 14°
4/ 27/ 92 Turlock Irrigation Drain #6 0.01°
5/ 04/ 92 Turlock Irrigation Drain #6 0.01°
5/11/92 Turlock Irrigation Drain #6 0.07°
6/01/92 Turlock Irrigation Drain #6 0. 25°
6/ 22/ 92 Turlock Irrigation Drain #6 0.01°
a These and other |ocations were sanpled in 1991, 1992, and 1993.

Only dates on which chlorpyrifos was detected are |isted.
b Unpubl i shed data from nonitoring by

Central Valley Regional Water Quality Control Board.
¢ Unpubl i shed data from nonitoring by Department of Pesticide Regulation

5



ENVI RONVENTAL FATE

Chl orpyrifos is an organophosphate insecticide. Johnson
(1991) classified chlorpyrifos as a non-|leacher with water
solubility of 0.71 ppm hydrolysis ty, of 73 days, and K, of
17000 cnf/ gm Chlorpyrifos adsorbs to organic material, and
applied chlorpyrifos has been found to remain within one to five
i nches of the soil surface (Bidlack 1979). MCall (1985) found
that 79 to 96% of applied chlorpyrifos remained within the top
centinmeter of soil.

Because of chlorpyrifos's tendency to adsorb to soil, its
bi oavail ability has been found to be fairly low. Chlorpyrifos is
rapi dly nmetabolized by aquatic organi sns and bi omagni fication has
not been observed. (Racke 1993)

Because of its | ow solubility and high adsorption
chl orpyrifos has a | ow potential for runoff in noving water.
Movenent off agricultural fields has been shown to occur,
however, with chlorpyrifos adsorbed to runoff sedinents.
Chl orpyrifos dissipates rapidly fromthe water colum (t,, val ue
<24 hours); dissipation fromsedinments is simlar to soil (ty
value 1 to 16 days). (Racke 1993)

In two soils used in growing rice and under m xed aerobic
and anaerobi c conditions, chlorpyrifos t,, values were 15 days
and 58 days, respectively. In the sane two soils, under
anaer obi c conditions, chlorpyrifos t,, values were 39 days and 51
days, respectively (Bidlack 1979). Chlorpyrifos applied to sandy
| oam and organic soils had ty, values of <1 week and 2.5 weeks,
respectively (Verschueren 1983).

Fromthe information on soil half-life, it appears that
under certain soil conditions chlorpyrifos may be persistent in



soil. Under those conditions, chlorpyrifos could be expected to
be a chronic contam nant of agricultural runoff water and perhaps
river systens.

ACUTE TOXICI TY TO AQUATI C ANI MALS

One hundred and nine tests on the acute toxicity of
chlorpyrifos to aquatic aninals were eval uated and abstracted
(Appendi x A). Seventy of these tests were accepted (Table A-1)
and 39 were not accepted (Table A-2). Reasons for rejection are
included in the abstracts and in Table A-2. EPA (1985)
gui del ines recommend eight famlies of freshwater organisns for
whi ch data shoul d be available for deriving a freshwater Fi nal
Acute Value (FAV), and eight famlies of saltwater organisns for
deriving a saltwater FAV (Tables 2 and 3). Acceptable tests were
avai lable for all of the eight freshwater and saltwater famlies
of organisns (Tables 2 and 3).

EPA (1985) guidelines were used to calculate a freshwater
FAV and a sal twater FAV using Genus Mean Acute Val ues (GVAVS).
The GVAVs were derived fromall avail able and acceptabl e Speci es
Mean Acute Val ues (SMAVs) for species in that genus, and the
SMAVs were derived fromall avail able and acceptabl e acute val ues
for that species. The GVAVs were ranked in ascendi ng order
(Tables 4 and 5). Freshwater GVAVs ranged from0.10 pg/L, the
mean 96-h LGCs, value for the cladoceran Ceriodaphnia dubia, to
>806 pg/L, the 96-h LG, value for both the gol dfi sh Carassius
auratus and the snail Apnexa hypnorum Saltwater GVAVs ranged
fromO0.04 pg/L, the nmean 96-h LG, value for the nysid Mysidopsis
bahia, to 1991 pg/L, the 96-h LG value for the eastern oyster
Crassostrea virginica.



The four |owest GVAVs are the nost significant determ nants
of the FAVs. For the freshwater FAV the | owest four GVAVs were
for invertebrate species. For the saltwater FAV three of the
four | owest GVAVs were for invertebrate species. The cal cul ated
freshwater and sal twater FAVs were 0.07 pg/L and 0.03 pg/L,
respectively.

Table 2. Eight fanmilies of freshwater aquatic animals represented
in the Final Acute Val ue.

Fam |y Ani mal Used

1. One Sal nonid Rai nbow t r out

2. Another famly in class Osteichthyes Fat head m nnow

3. Another famly in phylum Chordata Bl uegi |

4., One famly not in phylum Anphi pod
Art hropoda or Chordata

5. One insect famly or any Stonefly
phyl um not al ready represented

6. One planktonic crustacean Ceri odaphni a dubi a

7. One benthic crustacean Crayfish

8. One insect Crawl i ng water beetle

Table 3. Eight famlies of saltwater aquatic ani mals represented
in the Final Acute Val ue.

Fam |y Ani mal Used
1, 2. Two families in phylum Sil versi de,
Chordat a striped null et
3. One family not in phylum Eastern oyster
Art hropoda or Chordata
4, 5, 6. Three other fanlies Brown shrinp, blue crab
not in phylum Chordata Mysi dopsi s bahi a
7. A nysid or penaeid Pi nk shrinp
8. One other fam |y not California grunion

al ready represented




Tabl e 4. Ranked Genus Mean Acute Values (GVAV) from accepted acute toxicity
tests on freshwater species used to calculate the freshwater FAV.

Rank GVAVE (ug/ L) Speci es
1 0.10

Cl adocer an
Ceri odaphni a dubi a

2 0.11 Anphi pod

Gammarus | acustris
3 0. 15

Mysi db | |

Neonysi s nercedis
4 0. 38 Stonefly

Pt eronarcel |l a badi a
5 0. 57 Stonefly

Cl aasseni a sabul osa
6 0. 80 Crawl i ng water beetle

Pet odyt es sp.
7 1.0 Cl adocer an

Daphni a magna
8 3.03 Bl uegil I'® _

Lepom s macrochirus
9 6.0 Crayfish _ _

Orconectes i muni s
10 10 Stonefly

Pt eronarcys californica
11 10. 4 Rai nbow trout?®

Oncor hynchus nyki ss

Cutt hroat trout

Oncor hynchus cl ar ki
12 244 Lake trout

Sal vel i nus nanmaycush
13 249 Fat head m nnow

Pi rephal es pronel as
14 475 Channel catfish®

I ctal urus punctatus
15 >806 Col df i shP

Car assi us auratus
16 >806 Snai

Apl exa hypnorum

Freshwat er FAV: 0.07

a Represents Species Mean Acute Value (SMAV) if only one species is |isted.
I ndi vi dual values are listed in Table A-1.

b Cccurs in Sacranmento-San Joaquin River system



Tabl e 5. Ranked Genus Mean Acute Values (GVAV) from accepted acute toxicity
tests on saltwater species used to calculate the
sal twater FAV.

Rank GVAVA /L Speci es

1 0.04 Mysi d
Mysi dopsi s bahi a

2 0. 69 Brown shrinp
Penaeus aztecus
Pi nk shrinp
Penaeus duor arum

3 1.2 California grunion
Leuresthes tenuis

4 1.5 Grass shrinmp _
Pal aenonet es pugi o

5 1.5 Atlantic silversideP
Meni di a nmeni di a
Ti dewat er silverside
Meni di a peni nsul ae
I nl and sil verside

Meni di a beryllina

6 2.7 Gulf killifish
Fundul us grandi s
Longnose killifish
Fundulus simlis

7 5.2 Bl ue crab
Cal l'i nectes sapi dus

8 5.4 Striped mullet
Mugi | cephal us

9 7.0 Spot
Lei ost onus xant hur us

10 188 Gul f toadfish
Opsanus bet a

11 194 Sheepshead m nnow
Cyprinodon vari egat us

12 1991 Eastern oyster
Crassostrea virginica

Sal twater FAV: 0.03

a Represents Species Mean Acute Value (SMAV) if only one species is |isted.
I ndi vi dual values are listed in Table A-1.

b Occurs in Sacranmento-San Joaquin River system
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CHRONI C TOXI CI TY TO AQUATI C ANl MALS

El even tests on the chronic toxicity of chlorpyrifos were
eval uated for use in deriving the Final Chronic Value (FCV)
(Appendi x B). Seven of these tests were accepted (Table B-1);
four were not accepted (Table B-2). O the seven accepted tests,
only two tests were for a freshwater species, the fathead m nnow
Pi mephal es pronel as.

The No (bservabl e Effect Concentration (NOEC) val ues from
acceptabl e tests ranged from0.002 pug/L to 3.7 pg/L chlorpyrifos
for a 28-d exposure and a 7-d exposure to nysid Mysidopsis bahia
and fathead m nnow, respectively (Table B-1). The Lowest
(bservabl e Effect Concentration (LOEC) val ue ranged from 0. 004
Mg/ L to 7.4 pg/L for nysid M bahia and fat head m nnow,
respectively (Table B-1). The Maxi mum Accept abl e Toxi cant
Concentration (MATC) [(NOEC x LCEC)Y?] ranged from 0.003 pg/L for
nmysid M bahia to 5.23 ug/L for fathead m nnow (Table B-1).

The EPA (1985) guidelines specify calculating the Acute-
Chronic Ratio (ACR) for a species using for the numerator the
geonetric nean of LG, values and for the denom nator the
geonetric nean of MATC values. Additionally, these acute and
chronic val ues should be fromthe sane study. However,
insufficient data were available to use this nethod of deriving
all ACR values. Instead, the ACR val ue was cal cul ated for each
speci es having acute and chronic toxicity data, even though the
data were not fromthe sane study. The ACR val ue was obtai ned by
di viding the geonetric nean of all available LGy, val ues from
accepted tests by the avail abl e MATC val ue from accepted chronic
tests. Wen an LG, value and an MATC val ue fromthe sane study
were available, as for the fathead m nnow, these val ues were kept
separate fromthe other values for that species and a separate
ACR val ue was cal cul ated (Table 6).
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The EPA (1985) guidelines specify that freshwater or
saltwater Final Acute to Chronic Ratio (FACR) val ues be derived
usi ng ACR val ues of both freshwater and sal twater species,
including at least a fish, an invertebrate, and an acutely
sensitive species. The FACR value used to derive a freshwater
FCV shoul d include an acutely sensitive freshwater species. The
FACR val ue used to derive a saltwater FCV should include an
acutely sensitive saltwater species. The other species used may
be either freshwater or saltwater. ACR values were available for
a sufficient range of saltwater species to derive a saltwater
FACR val ue using the guidelines. However, the only freshwater
speci es for which an ACR val ue was avail abl e was the fathead
m nnow, which is not an acutely sensitive species. Because the
EPA (1985) guidelines allow chronic data from freshwater and
sal twater species to be conbined, the saltwater FACR val ue was
used as the FACR value for both freshwater and saltwater FCVs.

It was considered | ess desirable to use an FACR val ue based on
only one freshwater organism the fathead m nnow, that is not
acutely sensitive.

In addition, the EPA (1985) guidelines specify that if the
ACR val ues increase or decrease as the SMAVs increase, as the ACR
val ues generally do with chlorpyrifos, only species wth SMAVs
close to the FAV should be used to cal cul ate the FACR
Accordingly, the FACR value for chlorpyrifos was cal cul ated as
the geonetric mean of ACR val ues for the nysid Mysi dopsis bahia,
and two fish, the tidewater silverside Menidia peninsulae and the
inland silverside M beryllina (Table 5). The nysid is an
acutely sensitive invertebrate. Tidewater and inland silversides
are both fish; the tidewater silverside is acutely sensitive.

Usi ng the met hods descri bed above, the resultant FACR val ue

is 4. The freshwater FCV is 0.02 pg/L (FAV 0.07/FACR 4); the
saltwater FCV is 0.01 pg/L (FAV 0.03/FACR 4).
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Table 6. Acute-Chronic Ratio (ACR) Values for freshwater and sal twater
speci es for which acute and chronic toxicity data were avail abl e.

Speci es LC, or NOEC MATC
SVAV LOEC (NCEC X LCEC)Y2 ACR
(Hg/ L) (Hg/ L) (Hg/ L) (LCso/ MATC)

Mysi d

Mysi dopsi s 0. 0402 NOEC 0.002 0. 003 13. 3°b
bahi a LOEC 0.004

Ti dewat er
silverside

Meni di a 0. 712 NOEC 0. 38 0.54 1.3
peni nsul ae LOEC 0.78

I nl and
silverside

Meni di a 4.2 NOEC 0.75 1.16 3. 6°
beryl li na LOEC 1.8

Fat head
nm nnow

Pi mephal es 140¢ NOEC 1.6 2.26 61.9
pronel as LOEC 3.2

Sheepshead
m nnow

Cypri nodon 1942 NOEC 1.7 2.26 85.8
vari egat us LOEC 3.0

Fat head
nm nnow

Pi mephal es 249¢c NOEC 3.7 5.23 47. 6
pronel as LOEC 7.4

cul f
t oadfi sh

Opsanus 520¢ NOEC 1.4 2.28 228
bet a LOEC 3.7

Fi nal Acute-Chronic Ratio: 4

a Speci es Mean Acute Val ue: geonetric nean of values from severa
tests on this species. Individual values are listed in Table A-1.

b ACR val ue used to cal cul ate Final ACR val ue.

¢ LCs, val ue and MATC val ue from sane test.
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TOXICI TY TO AQUATI C PLANTS

Seven tests on the toxicity of chlorpyrifos to aquatic
pl ants and bacteria were eval uated (Appendix C) to derive a Final
Plant Value (FPV). The FPV is the | owest concentration of
pesticide that denonstrates a biologically inportant toxic
endpoi nt (EPA 1985). For tests in which specific values were
reported, EGCs, val ues based on growh ranged from 138 pg/L to
1200 pg/ L for diatoms |Isochrysis gal bana and Skel et onema
costatum respectively. The FPV for chlorpyrifos is 138 pug/L.
None of the tests indicated that chlorpyrifos was nore toxic to
aquatic plants than to aquatic aninmals and criteria that protect
aquatic animals will also protect aquatic plants.

HAZARD ASSESSMVENT

Water Quality Criteria

The EPA (1985) guidelines specify using the |owest of three
val ues, the FAV, the FCV, or the FPV, as a WQC (Appendix D). For
chl orpyrifos, the | owest of these three values are the freshwater
(0.02 pg/L) and saltwater (0.01 pg/L) FCVs, and these FCVs are
proposed as the WQC. The freshwater WQC i s recommended as
i nterimbecause chronic toxicity data were lacking for a
sensitive freshwater species. The WQC may be refined as nore
data beconme avail abl e.

The EPA acute and chronic freshwater WQC for chlorpyrifos
are 0.083 pg/L and 0.041 pg/L, respectively, and the EPA acute
and chronic saltwater WQC for chlorpyrifos are 0.011 pg/L and
0. 0056 pg/L, respectively (EPA 1986) (Table 7). The EPA and CDFG
have produced different nunbers because additional toxicity data
have been generated since devel opnent of the EPA criteria, and
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because CDFG used newer standards and gui delines to screen
toxicity tests for acceptability. The data sets used in

devel oping the EPA and the CDFG criteria may be conpared by
exam ning Table 1 of the EPA (1986) hazard assessnent and Tabl e
A-1 of this hazard assessnment. The CDFG and EPA criteria are
simlar and are approximately within a factor of two, a
reasonabl e range considering test repeatability. Repeatability
of acute tests generally is within a factor of two because CVs
for nost species vary from30%to 50% (Peltier and Weber 1985).

Table 7. Freshwater and saltwater acute and chronic criteria
for chlorpyrifos devel oped by U.S. Environnental
Protection Agency (EPA) and California Departnent of
Fish and Gane (CDFGQ).

Criteria Type EPA CDFG Rati o
(Hg/ L) (Hg/ L) ( EPA/ DFGQ)
Freshwat er Acute 0. 083 0. 07 1.2
Sal t wat er Acute 0. 011 0. 03 0.4
Freshwat er Chronic 0. 041 0.02 2.0
Sal t wat er Chronic 0. 0056 0.01 0.6

The WXC proposed in this assessnent are based on the
toxicity of chlorpyrifos alone. Reevaluation of the WQC may be
necessary if additive toxicity is denonstrated to occur when
chl orpyrifos is conbined with other pesticides conmonly found in
t he Sacranent o- San Joaquin Ri ver system such as diazi non, nethyl
par at hi on, and carbofuran. Data on the additive toxicity of
chlorpyrifos with these other pesticides are not currently
avai | abl e, however other insecticides have denonstrated additive
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toxicity and it appears likely that chlorpyrifos toxicity would
al so be additive.

Hazard to Aquatic Aninmals

Chl orpyrifos has been detected in the San Joaquin River
system at a peak concentration of 1.6 pg/L (Table 1). However,
this concentration was detected only once; nore typical
concentrations ranged from0.01 to 0.7 pg/L. Concentrations
greater than the WQC of 0.02 pg/L have been detected in the San
Joaquin River systemfor periods of tinme |ong enough to result in
chroni c exposure for aquatic organisns. Chlorpyrifos nonitoring
data were not available for saltwater.

A conparison of detected concentrations of chlorpyrifos
(Table 1) with toxicity data and the interimfreshwater WX of
0.02 pg/L indicates that chlorpyrifos nay pose a hazard to
sensitive aquatic invertebrates in the Sacranmento-San Joaquin
Ri ver system

The | owest 96-h LG, value for freshwater invertebrates was
0.10 pg/L (mean value) for the cladoceran Ceriodaphnia dubia. No
MATC val ues were avail able for freshwater invertebrates, however
the MATC value for the saltwater nysid Mysidopsis bahia is 0.003

pg/ L.

Cenerally, invertebrates are nore sensitive to chlorpyrifos
than are fish. The |owest 96-h LG, value for freshwater fish
was 3.03 pg/L for bluegill. The only species of freshwater fish
for which MATC val ues were avail able was the fathead m nnow, the
| onest MATC val ue for fathead m nnow was 2.26 pg/L. Hazards to
early life stages of fish may exi st nore frequently than hazards
to adult fish.
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Dat a Requirenents

Acute toxicity data were available for all of the eight
freshwater and saltwater famlies recormmended by EPA (1985). Only
one invertebrate species, the nysid M bahia, has been tested
under chronic exposure. Chronic toxicity data for freshwater
invertebrates, particularly Ceriodaphnia dubia, are necessary to
better define the FACR value. Additional chronic toxicity data
for freshwater and sal twater species for which acute data are
avai | abl e woul d al so be useful.

Sacr anent o- San Joaqui n Estuary nonitoring should be
continued to hel p assess hazards posed by chlorpyrifos to aquatic
species. Mnitoring could be inproved by | owering detection
l[imts and by |long-term conti nuous nonitoring to define the
envi ronnment al exposure to resident organi sns.
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APPENDI X A. Abstracts of acute toxicity tests.

Accepted acute toxicity tests - The following tests used accepted
t est net hods.

Bort hwi ck and Wal sh (1981) - In 1981, 96-h static toxicity tests
were perforned by the U S. EPA on technical grade DursbanR®
(97.7% with juvenile nysid Mysidopsis bahia and 28-d old fry
sheepshead m nnow Cypri nodon variegatus. As part of this series
of tests, 48-h static toxicity tests were performed with <2-h old
eastern oyster Crassostrea virginica. ASTM (1978) testing

gui delines were followed. Five concentrations of Dursban® and
solvent and dilution water controls were tested with nysids and
sheepshead m nnows. Seven concentrations of Dursban® were tested
Wi th eastern oysters. Two replicates per concentration were
tested with nysids and sheepshead m nnows. Four replicates per
concentration were tested with eastern oysters. Measurenent of
chl orpyrifos concentrations was not nentioned for any test.

Water quality paranmeters during the eastern oyster, nysid, and
sheepshead m nnow tests averaged: tenperature of 25.0 +1°C, Ph
was not nentioned; dissolved oxygen | evel was not neasured; and
salinity of 20°,. Control survival was greater than 90% for al
tests. The 96-h LG, values for the nysid and the sheepshead

m nnow were 0.056 pg/L and 270 pg/L, respectively. The 96-h EGC
val ue, based on abnormal devel opnent, for the eastern oyster was
1991 pg/ L. Tests were al so conducted using diatons Skel et onena
costatum |Isochrysis gal bana, and Thal assi osi ra pseudonana

(Appendi x C).

Borthwick et al. (1985) - In 1985, 96-h flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (92% wth O0-d, 7-d, 14-d, and 28-d old California
gruni on Leuresthes tenuis, Atlantic silverside Menidia nmenidia,
and tidewater silverside Menidia peninsulae. ASTM (1980) testing
gui delines were followed. Five concentrations of chlorpyrifos
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were tested and solvent and dilution water controls were used.
The nunber of replicates tested was not nentioned.

Concentrations were neasured. Water quality paraneters during
the test averaged: tenperature of 25°C, pH was not nentioned;

di ssol ved oxygen | evel was not nentioned; and salinity of 20° .
in the M nenidia and M peninsul ae tests and 25° ., in the L
tenuis tests. Control survival was not nentioned. The 96-h LG
values for the 0-d, 7-d, 14-d, and 28-d old grunion were 1.0
pg/L, 1.0 pg/L, 1.0 pg/L and 1.3 pg/L, respectively. The 96-h
LGy, values for the 0-d, 7-d, 14-d and 28-d old Atlantic
silverside were 0.5 pg/L, 1.0 pg/L, 1.1 pg/L, and 3.0 ug/L,
respectively. The 96-h LG, values for the 0-d, 7-d, 14-d and
28-d old tidewater silversides were 1.0 pg/L, 0.5 pg/L, 0.4 pg/L,
0.9 pg/L, respectively.

California Departnent of Fish and Gane (CDFG (1992a) - |In 1992,
96-h static renewal toxicity tests (Test No. 92-133) were
performed on technical grade chlorpyrifos (99% w th neonate
nmysid Neonysis nmercedis. ASTM (1992) testing guidelines were
foll owed. Five concentrations of chlorpyrifos were tested and

solvent and dilution water controls were used. Two replicates
per concentration were tested. Chlorpyrifos concentrations were
nmeasured at the begi nning and end of each test and averaged 86 to
124% of nom nal concentrations. Water quality paraneters during
the test averaged: tenperature of 17.2°C, pH of 8.4; dissolved
oxygen |l evel of 8.4 ng/L; hardness of 499.0 ng/L; conductivity of
3096 ps/cm and alkalinity of 154.0 ng/L. Control survival was
95% in the solvent control and 100%in the dilution water

control. The 96-h LG, value for N. nercedis was 0.16 pg/L.

CDFG (1992a) - In 1992, 96-h static renewal toxicity tests (Test
No. 92-142) were perforned on technical grade chlorpyrifos (99%
wi th neonate nysid Neonysis nercedis. ASTM (1992) testing

gui delines were followed. Five concentrations of chlorpyrifos
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were tested and solvent and dilution water controls were used.
Two replicates per concentration were tested. Chlorpyrifos
concentrations were nmeasured at the begi nning and end of each
test and averaged 71 to 84% of nom nal concentrations. Water
gqual ity paraneters during the test averaged: tenperature of
17.1°C, pH of 8.4; dissolved oxygen |level of 9.3 ng/L; hardness
of 509.0 ng/L; conductivity of 3151 ps/cm and alkalinity of
151.0 ng/L. Control survival was 100% for both sol vent and
dilution water controls. The 96-h LGy, value for N. nercedis was
0.14 pg/L.

CDFG (1992a) - In 1992, 96-h static renewal toxicity tests (Test
No. 92-143) were perfornmed by CDFG on technical grade
chlorpyrifos (99% w th neonate nysid Neonysis nercedis. ASTM
(1992) testing guidelines were followed. Five concentrations of
chl orpyrifos were tested and solvent and dilution water controls
wer e used. Two replicates per concentration were tested.

Chl orpyrifos concentrations were neasured at the begi nning and
end of each test and averaged 71 to 84% of nom nal
concentrations. Water quality paranmeters during the test
averaged: tenperature of 17.4°C, pH of 8.2; dissolved oxygen

| evel of 8.9 ng/L; hardness of 515.0 ng/L; conductivity of 3192
pus/cm and alkalinity of 151.5 ng/L. Control survival was 100%
for both solvent and dilution water controls. The 96-h LG
value for N nercedis was 0.15 pg/L.

CDFG (1992b) - In 1992, 96-h static toxicity tests (Test No. 92-
139) were performed by the CDFG on technical grade chlorpyrifos
(99% w th neonate cladoceran Ceriodaphni a dubia. EPA (1989) and
ASTM (1988a, b) testing guidelines were followed. Five
concentrations of chlorpyrifos were tested and sol vent and
dilution water controls were used. Nine replicates per
concentration were tested. Chlorpyrifos concentrations were
nmeasured at the beginning and end of each test and averaged 75 to
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100% of nom nal concentrations. Water quality paraneters during
the test averaged: tenperature of 24.3°C, pH of 8.2; dissolved
oxygen level of 7.7 nmg/L; hardness of 121.5 ng/L; conductivity of
333.7 pus/cm and alkalinity of 105.0 ng/L. Control survival was
90% in both the solvent and dilution water controls. The 96-h
LG, value for C. dubia was 0.08 ug/L.

CDFG (1992b) - In 1992, 96-h static toxicity tests (Test No. 92-
150) were performed by the CDFG on technical grade chlorpyrifos
(99% w th neonate cl adoceran Ceriodaphni a dubia. EPA (1989) and
ASTM (1988a, b) testing guidelines were followed. Five
concentrations of chlorpyrifos were tested and sol vent and
dilution water controls were used. Nine replicates per
concentration were tested. Chlorpyrifos concentrations were
nmeasured at the beginning and end of each test and averaged 94 to
105% of nom nal concentrations. Water quality paraneters during
the test averaged: tenperature of 24.6°C, pH of 8.3; dissolved
oxygen level of 7.7 nmg/L; hardness of 120.0 ng/L; conductivity of
325.7 pus/cm and alkalinity of 107.0 ng/L. Control survival was
100% in both solvent and dilution water controls. The 96-h LG
value for C. dubia was 0.13 pg/L.

Cark et al (1985) - In 1985, 96-h static and flowthrough
toxicity tests were perforned by the U S. EPA on technical grade
chl orpyrifos (percent active ingredient not specified) with

ti dewater silverside Menidia peninsulae and inland silverside
Meni dia beryllina. ASTM (1980) testing guidelines were foll owed.
Fi ve concentrations of chlorpyrifos were tested and sol vent and
dilution water controls were used. One replicate per
concentration was tested. Chlorpyrifos concentrations were
nmeasured at 48-h and 96-h but values were not nentioned. Water
tenperatures in the tidewater and inland silverside tests
averaged 24.6°C and 24.5°C, respectively. Oher water quality
paranmeters during the test were neasured but val ues were not
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given. Solvent and dilution water controls were used and
survival was within ASTM gui delines. The 96-h LG, val ues for

ti dewater silverside and inland silverside were 1.3 pug/L and 4.2
Mg/ L, respectively. Although this study had sone deficiencies it
was consi dered accept abl e because of the reputation of the

| aboratory, ASTM gui delines were followed, and control survival
was accept abl e.

Federle and Collins (1976) - In 1976, 96-h static toxicity tests
were perforned by the Departnent of Entonology, Chio State

Uni versity on technical grade chlorpyrifos (94% wth adult
crawl i ng water beetle Petodytes sp. Comonly recognized testing
gui del ines were not nentioned. Four concentrations of

chl orpyrifos were tested and a sol vent control was used. Three
replicates per concentration were tested. Al concentrations
tested were nomnal. Water quality paranmeters during the test
averaged: tenperature of 25 +2°C, pH of 7.4; dissolved oxygen

| evel was not nentioned but test solutions were aerated. Control
survival was 95% The 96-h LGCs, value for Petodytes sp. was 0.8

pg/ L.

Hansen et al. (1986) - In 1986, 96-h static toxicity tests were
performed by the U. S. Environnental Protection Agency on

techni cal grade chlorpyrifos (92% wth 2-no. old gulf toadfish
Opsanus beta. ASTM (1985) proposed testing guidelines were
foll owed. Five concentrations of chlorpyrifos were tested and
solvent and dilution water controls were used. One replicate per
concentration was tested. Chlorpyrifos concentrations averaged
50 to 60% of nomi nal concentrations. Water quality paraneters
during the test averaged: tenperature of 25 to 27°C, pH was not
ment i oned; di ssol ved oxygen was not neasured; and salinity of
29°/ , to 30°%,. Control survival was 100% The 96-h LG, val ue
for Opsanus beta was 520 pg/L.
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Hol conbe et al. (1982) - In 1982, a 96-h flowthrough toxicity
test was perforned by the U S. EPA on technical grade DursbanR®
(99.9% with juvenile rai nbow trout Oncorhynchus nykiss and 31-d
to 32-d old fathead m nnow Pi nephal es pronelas. APHA (1975) and
EPA (1975) testing guidelines were followed. Five concentrations

of Dursban® and a water control were tested in each test. Two
replicates per concentration were tested. Chlorpyrifos
concentrations were nmeasured daily and averaged 88 to 112% of

nom nal concentrations in rainbow trout tests and 84 to 116%in
fathead m nnow tests. Water quality paraneters during the test
averaged: tenperature of 15.6 +1.8°C for rainbow trout tests and
25.1 +1.3°C for fathead m nnow tests; pHof 7.0 to 7.4; dissolved
oxygen level of 9.3 ng/L for rainbow trout tests and 7.3 ng/L for
fathead m nnow tests; hardness of 45.3 ng/L; and al kalinity of
41.8 nmg/L. Control survival was 100%in both tests. The 96-h
LG, value for the fathead m nnow was 203 pg/L. The 96-h LG

val ue for the rainbow trout was 8.0 pug/L.

Jarvinen and Tanner (1982) - In 1982, 96-h flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (98.7% with larval fathead m nnow Pi nephal es
pronel as. APHA (1975) testing guidelines were foll owed. Five
concentrations of chlorpyrifos were tested and a dilution water

control was used. Two replicates per concentration were tested.
Measured concentrations averaged 102 to 144% of nom nal
concentrations. Water quality paranmeters during the test
averaged: tenperature of 25.0 +0.6°C, pH of 7.4 to 7.8; dissolved
oxygen level of 6.5 to 8.4 ng/L; hardness of 45.8 ng/L; and

al kalinity of 43.1 ng/L. Control survival was 100% The 96-h
LG, value for P. pronelas was 140 pg/L.

Kersting and Van W] ngaarden (1992) - In 1992, a 48-h static
toxicity test was perfornmed by the Research Institute for Nature
Managenent in The Netherlands on technical grade chlorpyrifos
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(99% with <24-h old cladoceran Daphnia nagna. Comonly

recogni zed test guidelines were not nentioned. Six
concentrations of chlorpyrifos were tested and sol vent and
dilution water controls were used. Two replicates per
concentration were tested. Chlorpyrifos concentrations were
measured at the beginning of each test and averaged 57% of

nom nal concentrations. Water quality paranmeters during the test
averaged: tenperature of 19.5 +0.5°C, pH of 6.8 to 7.0; and

di ssol ved oxygen level of 7.7 ng/L to 8.8 ng/L. Control survival
was 100% The 48-h LGCs, value for D. nagna was 1.0 pg/L.

Macek et al. (1969) - In 1969, 96-h static toxicity tests were
performed by the U S. Bureau of Sport Fisheries and Wldlife on

t echni cal grade Dursban® (97% with rai nbow trout Oncorhynchus
nmyki ss. Conmonly recogni zed testing guidelines were not

menti oned. Seven concentrations of chlorpyrifos and a sol vent
control were tested. One replicate per concentration was tested.
Al'l concentrations were nomnal. Wter quality paraneters during
the test averaged: tenperature of 1.6 +0.6°C in one series of
tests, 7.2 +0.6°C in a second series of tests, and 12.7 +0.6°C in
athird series of tests; pH of 7.1; dissolved oxygen |evel was
not neasured but solutions used in tests were well aerated; and
al kalinity of 35 ng/L. Control survival was 100% The 96-h LG
value for O nykiss at 1.6°C was 51 pg/L. The 96-h LG, val ue for
O nykiss at 7.2°C was 15 pg/L. The 96-h LG, val ues for O
nmykiss at 12.7°Cwas 7.1 pg/L. Only the test perforned at 12.7
+0. 6° C was used because it nost closely adhered to ASTM (1988a)
standards for trout tests.

Mayer (1987) - In 1987, results of acute toxicity tests on 197
chem cals with 52 estuarine and mari ne species were conpil ed.

Al tests were performed at the Environnental Research
Laboratory, Gulf Breeze, Florida during 1961 to 1986. The tests
used technical grade chlorpyrifos (92% and generally conplied
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with ASTM (1980) standards. At |east four concentrations of
chlorpyrifos were tested in each test. Depending on the species,
tenperatures ranged from 11°C to 31°C. Dissol ved oxygen, pH
control survival, water hardness, and chlorpyrifos concentrations
were not given. The 96-h and 48-h LG, val ues and the 48-h EG
values are listed in Table A-1. Al though information about sone
i mportant test characteristics could not be obtained, nost of

t hese data were accepted because of the use of ASTM gui del i nes
and the reputation of the |aboratory. Acceptable data were
avai l abl e for Atlantic and tidewater silversides, blue crab,
brown, grass, and pink shrinps, California grunion, gulf and

| ongnose killifish, gulf toadfish, Mysidopsis bahia, sheepshead
m nnow, and striped nullet.

Mayer and Ellersieck (1986) - In 1986, a study was conducted by
the Fish and Wldlife Service to generate static acute toxicity
test data for 410 chemcals with 66 freshwater species. Al

tests were perforned at the Col unbia National Fisheries Research
Laboratory and its field | aboratories between 1965 to 1984. The
studi es on technical grade chlorpyrifos (97% were conducted with
ei ght species. The tests were generally in conpliance with ASTM
(1980) and EPA (1975) standards. At |least five concentrations of
chlorpyrifos were tested. Two replicates per concentration were

tested. Depending on the species, water quality paranmeters
during the tests were as follows: tenperature of 2.0°C to 29°C

pH of 6.0 to 9.0; and hardness of 44 ng/L to 272 ng/L. Control
survival, dissolved oxygen, and neasurenment of chlorpyrifos
concentrations were not discussed. The 96-h LG, values are
listed in Table A-1. Although information about sone inportant
test characteristics could not be obtained, nost of these data
wer e accepted because of the use of ASTM gui deli nes and the
reputation of the |aboratory. Acceptable data were available for
bluegill, channel catfish, and | ake and cutthroat trouts.
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Phi pps and Hol conbe (1985) - In 1985, 96-h flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (99.9% wth rainbow trout Oncorhynchus nyki ss,

fat head m nnow Pi nephal es pronel as, gol dfish Carassi us aurat us,

channel catfish Ictalurus punctatus, bluegill Lepoms

macrochi rus, crayfish Orconectes immunis, and snail Aplexa
hypnorum  ASTM (1980) and APHA (1980) testing guidelines were
followed. Three or five concentrations of chlorpyrifos were
tested and water controls were used. One replicate per
concentration was tested in all tests. Chlorpyrifos
concentrations were nmeasured daily and averaged 85 to 114% of

nom nal concentrations. Water quality paranmeters during the test
averaged: tenperature of 17.3 +0.6°C, pHof 7.1 to 7.8; dissolved
oxygen level of 7.5 +1.6 ny/L; hardness of 44.4 ng/L; and

al kalinity of 45.4 ng/L. Control survival was 100% The 96-h
LG, value for rainbow trout, fathead m nnow, gol dfish, channel
catfish, bluegill, crayfish, and snails were 9 pg/L, 542 ug/L,
>806 pg/L, 806 pg/L, 10 pg/L, 6.0 pg/L, and >806 pg/L,
respectively.

Sanders (1969) - In 1969, 96-h static toxicity tests were
performed by the U S. Bureau of Sport Fisheries and Wldlife on
t echni cal grade Dursban® (97% with 2 nonth old (+5 days)
anphi pod Gammarus | acustris. Commonly recogni zed testing

gui del i nes were not nentioned. Five concentrations of DursbanR®
were tested and a dilution water control was used. One replicate
per concentration was tested. Measurenent of chlorpyrifos
concentrations was not nentioned. Witer quality paranmeters
during the test averaged: tenperature of 70 +1°F; pH of 7.1;

di ssol ved oxygen was not neasured but test water was aerated for
10 mi nutes before testing began; and alkalinity of 30.0 ng/L.
Control survival was 100% The 96-h LG, value for G lacustris
was 0.11 pug/L.
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Sanders and Cope (1968) - In 1968, 96-h static toxicity tests
were perfornmed by the U S. Bureau of Sport Fisheries and Wldlife
on technical grade Dursban® (97% w th naiad stoneflies
Pteronarcys californica, Pteronarcella badia, and C aasseni a
sabul osa. Commonly recogni zed testing guidelines were not
mentioned. Four concentrations of Dursban® were tested and a
dilution water control was used. One replicate per concentration
was tested. Measurenent of chlorpyrifos concentrations was not
menti oned. Water quality paranmeters during the test averaged:
tenperature of 15.5 +0.5°C, pH of 7.1; dissolved oxygen |evel of
7 mg/L initially, 5 ng/L after 24-h, and 3 ng/L at 96-h;

al kalinity of 35 ng/L. Control survival was 100% The 96-h LG
val ues for Pteronarcys californica, Pteronarcella badia, and

Cl aasseni a sabul osa were 10 pg/L, 0.38 pg/L, and 0.57 pug/L,
respectively. Although the dissolved oxygen was too | ow, these
tests were accepted because control survival was 100%

Unaccepted acute toxicity tests - The following tests did not use
accepted test nethods and/or produce accepted results.

Acevedo (1991) - In 1991, 96-h static and flowthrough toxicity
tests were perforned by the Hawaii Institute of Marine Biol ogy on
techni cal grade chlorpyrifos (percent active ingredient not
specified) with coral planulae Pocillopora dam cornis. EPA
(1988) testing guidelines were followed. Four concentrations of
chlorpyrifos were tested. Three replicates per concentration
were tested. The use of controls was not nentioned. Measurenent
of chlorpyrifos concentrations was not nentioned. Water quality
parameters during the study averaged: tenperature of 25-27°C, pH
was not nentioned; dissolved oxygen | evel was not nentioned; and
salinity was not nmentioned. Control survival was not nentioned.
The static and fl owthrough LG, val ues were not reported. This
test was not used because essential information, such as toxicity
val ues, and control survival, was | acking.
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Ali _and Majori (1982) - In 1982, 24-h toxicity tests were
performed by the University of Florida on technical grade

chl orpyrifos (percent active ingredient not specified) with
fourth instar |arvae of m dge Chirononus salinarius. Comonly
recogni zed testing guidelines were not nentioned. Four to five
concentrations and a dilution water control were tested. Three
replicates per concentration were tested. Measurenent of

chl orpyrifos concentrati ons was not nentioned. Wter quality
parameters during the test averaged: tenperature of 27 +2°C, pH
of 7.8 to 9.0; dissolved oxygen |level of <2 to 10 ng/L; and
salinity of 27 to 45°,. Control survival was not nentioned.
The 24-h LG, value for C. salinarius was 0.44 ug/L. This value
was not used because the organi snms had been exposed to pesticides
prior to testing, dissolved oxygen levels fell below an
accept abl e range, and essential information, such as control
survival, was | acki ng.

CDFG (1992b) - In 1992, 96-h static toxicity tests (Test No. 92-
137) were performed by CDFG on technical grade chlorpyrifos (99%
wi th neonat e cl adoceran Ceri odaphni a dubia. EPA (1989) and ASTM
(1992a, b) testing guidelines were followed. Five concentrations
of chlorpyrifos were tested and sol vent and dil ution water
controls were used. Nine replicates per concentration were
tested. Chlorpyrifos concentrations were neasured at the

begi nni ng and end of each test and averaged 105 to 150% of

nom nal concentrations. Water quality paranmeters during the test
averaged: tenperature of 24.5°C, pH of 8.4; dissolved oxygen

| evel of 7.7 mg/L; hardness of 119.0 ng/L; conductivity of 345.6
pus/cm and alkalinity of 105.5 ng/L. Control survival was 70%in
t he solvent control and 100%in the dilution water control. The
96-h LG, value for C. dubia was 0.12 pg/L. This val ue was not
used because solvent control survival was |ess than 90%
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Carter and Graves (1973) - In 1973, 96-h static toxicity tests
were perforned by the Departnent of Entonol ogy, Louisiana State

Uni versity on chlorpyrifos (percent active ingredient not
specified) with Wiite Ri ver crayfish Procanbarus acutus, bl uegil
Lepom s macrochirus, nosquitofish Ganbusia affinis, and channel
catfish Ictalurus punctatus. APHA (n.d.) testing guidelines were
foll owed. The nunber of chlorpyrifos concentrations tested and
use of controls were not nentioned. Five replicates per
concentration were used in the crayfish tests. Two replicates
per concentration were used in all other tests. Measurenent of
chl orpyrifos concentrati ons was not nentioned. Wter quality
paranmeters during the test averaged: tenperature of 26°C in
crayfish and channel catfish tests, 23°Cin bluegill tests, and
24°C in nosquitofish tests; pH was not nentioned for any test;
and di ssol ved oxygen level of 7 ng/L to 10 ng/L in bluegill and
channel catfish tests, 9 ng/L to 11 ng/L in Wite R ver crawfish
tests, and 9 ng/L in nosquitofish tests. The 96-h LG, val ues
for crayfish, bluegill, nmosquitofish, and channel catfish were 2
pg/ L, 30 pg/L, 280 pg/L, and 160 pg/L, respectively. These

val ues were not used because essential information, such as
control survival and concentrations tested, was |acking.

Cebrian et al. (1992) - In 1992, 96-h static toxicity tests were
performed by the Departnment of Animal Biology, University of

Val enci a, Spain on technical grade chlorpyrifos (99.8% wth
crayfish Procanbarus clarkii. EPA (1975) testing guidelines were
foll owed. The chlorpyrifos concentrations and nunber of

replicates tested were not nentioned. A solvent control was
used. Measurenent of chlorpyrifos concentrations was not

menti oned. Water quality paraneters during the test averaged:
tenperature of 22 +1°C; pH of 7.9 +0.2; dissolved oxygen | evel
was not nentioned; hardness of 250 ng/L as CaCQO;; and al kalinity
of 4.1 mMML. Control survival was not nentioned. The 96-h LG
value for P. clarkii was 21 pg/L, respectively. This value was
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not used because essential information, such as control survival
and concentrations tested, was | acking.

Darwazeh and Mulla (1974) - In 1974, 92-h toxicity tests were
performed by the Departnment of Entonol ogy, University of
California at Riverside on technical chlorpyrifos (percent active
i ngredi ent not specified) with nosquitofish Ganbusia affinis.
Commonl y recogni zed testing guidelines were not nmentioned. The
chl orpyrifos concentrations tested were not nmentioned. Two
replicates per concentration were tested. Measurenent of

chl orpyrifos concentrati ons was not nentioned. Wter quality
paranmeters during the test were not nentioned. Control survival
was not mentioned. LG, values were not determned in this
study. The 92-h LGy value for G affinis was 1000 pg/L. The
test was unaccept abl e because essential information, such as

wat er quality paranmeters and concentrations tested, was | acking,
the test duration was | ess than 96-h, and LG, val ues were not
det er m ned.

Davey et al. (1976) - In 1976, 72-h static toxicity tests were
performed by the Departnment of Entonol ogy, University of Arkansas
on chlorpyrifos (percent active ingredient not specified) with
mat ure nosquitofish Ganbusia affinis and green sunfish Lepom s
cyanel lus. Conmonly recogni zed testing guidelines were not

menti oned. One concentration of chlorpyrifos was tested and a
sol vent control was used. Two replicates per concentration were
tested. Measurenent of chlorpyrifos concentrations was not

menti oned. Water quality paraneters during the test were not
menti oned. Control survival was not nmentioned. The 72-h LG,
val ues for the nosquitofish and the green sunfish were 260 pg/L
and 40 pg/L, respectively. These val ues were not used because
the test duration was too short, an inadequate nunber of
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concentrations was tested, and essential information, such as
wat er quality paranmeters and control survival, was |acking.

Earnest (1970) - In 1970, 96-h static and flowthrough toxicity
tests were perforned by the U S. Bureau of Sport Fisheries and
WIldlife on technical grade Dursban® (99% w th Korean shrinp

Pal aemon macrodactylus. A 96-h flowthrough toxicity test was
performed on Dursban® (90% with striped bass Mrone saxatilis.
Commonl y recogni zed testing guidelines were not nentioned.

Dur sban® concentrations, nunber of replicates, and use of
controls were not mentioned. Measurenment of chlorpyrifos
concentrations was not nentioned. Witer quality paranmeters
during the test averaged: tenperature of 12.2°C to 12.8°C, pH was
not mentioned; dissolved oxygen |evel was not nentioned; and
salinity of 15%, to 30°,. Control survival was not nentioned.
The 96-h static and flowthrough TLsss for the Korean shrinp were
0.25 pg/L and 0.01 pg/L, respectively. The 96-h flowthrough
TLso for the striped bass was 0.58 pg/L. These val ues were not
used because essential information, such as control survival and
use of controls, was |acking.

El -Refai et al. (1976) - In 1976, 48-h static toxicity tests were
performed by Al -Azhar University Cairo on Dursban® (40.8% with
fingerling tilapia Tilapia nilotica and carp Cyprinus carpi o.
Commonl y recogni zed testing guidelines were not nmentioned. One
replicate per concentration was tested when larger fish were
used, otherw se replicates were not used. Chlorpyrifos
concentrations were nmeasured but val ues were not given. Wter
qual ity paraneters during the test averaged: tenperature of 22°C
to 25°C; pH of 7.8 to 8.2; dissolved oxygen level of 6.8 ng/L to
7.4 mg/L; hardness of 116 ng/L to 123 ny/L; conductivity of 270
to 300 punho/cm and al kalinity of 122 ng/L to 125 ng/L. Control
survival was not nmentioned. For smaller carp, the 48-h LGy

val ue was 280 pg/L. For larger carp, the 48-h LG, val ue was 59
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pg/ L. For smaller tilapia, the 48-h LG, value was 62 ug/L. For
|arger tilapia, the 48-h LG, value was 114 pg/L. These val ues
were not used because essential information, such as control
survival, was |acking, the test duration was |ess than 96-h, the
pesticide formul ati on used was too low in active ingredient, and
the tenperature varied by nore than 2°C.

Ferguson et al. (1966) - In 1966, 36-h toxicity tests were
performed by the Departnment of Zool ogy, M ssissippi State
Uni versity on technical grade chlorpyrifos (99 +1% wth the
gol den shi ner Not em gonus crysol eucas, nosquitofish Ganbusia
affinis, and green sunfish Lepom s cyanellus. Commonly

recogni zed testing guidelines were not nmentioned. Chlorpyrifos
concentrations and nunber of replicates tested were not

menti oned. Measurenent of chlorpyrifos concentrations was not
menti oned. Water quality paraneters during the test averaged:
tenperature was not nentioned; pH of 7.4; dissolved oxygen |evel
was not nentioned; and hardness of 24 ng/L. Control survival was
95% The 36-h LG, val ues for the gol den shiner, nosquitofish
and green sunfish were 35 pg/L to 125 pg/L, 215 pg/L to 595 ug/L,
and 22.5 pg/L to 125 ug/L, respectively. These values were not
used because test duration was |ess than 96-h and organi sns were
exposed to pesticides prior to testing.

Ferrando et al. (1991) - In 1991, 96-h flowthrough toxicity
tests were perforned by the Departnent of Aninal Biology,

Uni versity of Valencia, Spain on technical grade chlorpyrifos
(97% wth the European eel Anguilla anguilla. U S. EPA (1975)
testing guidelines were followed. Chlorpyrifos concentrations
tested were not mentioned. Solvent and dilution water controls
were used. Three replicates per concentration were tested.
Measur enent of chlorpyrifos concentrati ons was not nentioned.
Water quality paranmeters during the test averaged: tenperature of
20°C; pH of 7.9 +0.2; dissolved oxygen | evel was not mnentioned,
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al kalinity of 4.1 mml/L; and a hardness of 250 ng/L. Contro
survival was 100% The 96-h LG, value for A anguilla was 540
pg/ L. This value was not used because di ssol ved oxygen was not
measured and essential information, such as concentrations
tested, was | acking.

Ferrando and Andreu-Mliner (1991) - In 1991, 24-h static
toxicity tests were perfornmed by the Departnent of Ani nal

Bi ol ogy, University of Valencia, Spain on chlorpyrifos (percent
active ingredient not specified) with newy hatched rotifera:
Brachi onus cal yci fl orus and Brachionus plicatilis. EPA (1985)
testing guidelines were followed. Five concentrations of
chlorpyrifos were tested. Use of a control was not nentioned.
Three replicates per concentration were tested. Measurenent of
chl orpyrifos concentrati ons was not nentioned. Wter quality
parameters during the test averaged: tenperature of 25°C, pH of
7.4 to 7.8 in B. calyciflorus tests and 7.7 in B. plicatilis
tests; hardness of 80 ng/L to 100 ng/L in B. calyciflorus tests
(hardness not nentioned in B. plicatilis tests); and salinity of
15°/ o, in B. plicatilis tests (salinity not nentioned in B
calyciflorus tests). Control survival was 100% for both B
calyciflorus and B. plicatilis tests. The 24-h LGy value for B
calyciflorus and B. plicatilis were 11850 pg/L and 10670 pg/L,
respectively. These values were not used because essenti al

i nformation, such as percent active ingredient, was |acking.

Hol brook (1982) - In 1982, 24-h static toxicity tests were
performed by the U S. Departnent of Agriculture on technical
grade chlorpyrifos (percent active ingredient not specified) with
fourth instar |arvae of ceratopogonid, Culicoides variipennis.
Commonl y recogni zed testing guidelines were not nmentioned. Four
concentrations of chlorpyrifos were tested and a dilution water
control was used. Two replicates per concentration were tested.
Measur enent of chlorpyrifos concentrati ons was not nentioned.
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Water quality paranmeters during the test averaged: tenperature of
22 +1°C, pH of 7.0; and dissol ved oxygen was not measur ed.

Control survival was not mentioned. The 24-h LC,, value for C
variipennis was 4.3 ug/L. This value was not used because test
duration should have been 96-h (ASTM 1988a) and information for
several test paranmeters were m Ssing.

Hol brook (1983) - In 1983, 24-h static toxicity tests were
performed by the U S. Departnent of Agriculture on technical
grade chlorpyrifos (percent active ingredient not specified) with
| arvae of ceratopogonid, Culicoides variipennis. Comonly
recogni zed testing guidelines were not nentioned. Five
concentrations of chlorpyrifos were tested and a dilution water
control was used. Three replicates per concentration were
tested. All concentrations were nomnal. Water quality
parameters during the test averaged: tenperature of 22 +1°C
neutral pH, dissolved oxygen was not neasured but |arvae renai ned
close to the surface; and soft water was used. Control surviva
was greater than 90% The 24-h LG, value for C wvariipennis was
2.96 pg/L. This value was not used because test duration should
have been 96-h (ASTM 1988a) and information for several test
paranmeters were m ssing.

Kenaga et al. (1965) - In 1965, 24-h toxicity tests were
performed by the Dow Chem cal Conpany on Dursban® (percent active
i ngredi ent not specified) with adult and nynph cl adoceran Daphni a
sp., immature goldfish Carrassius auratus, and nature snai
Hel i soma trivolvis. Chem cal Specialties Manufacturers

Associ ation (1963) testing guidelines were followed. Three
concentrations of Dursban® were tested. There was no nention of
the use of controls. The nunber of replicates tested was not
menti oned. Measurenent of chlorpyrifos concentrations was not
menti oned. Water quality paraneters during the test averaged:
tenperature of 65°F;, pH was not nentioned; dissolved oxygen |evel
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was not nentioned; and hardness was not nentioned. Control
survival was not nentioned. The 24-h LG, value for cl adoceran,
gol dfish, and snail were 16 pg/L, 180 pg/L, and >2000 ug/L,
respectively. These values were not used because acute toxicity
tests using fish nust be 96-h in duration (ASTM 1988a), and
essential information, such as the use of controls and control
survival, was | acki ng.

Sanders (1972) - In 1972, 96-h static toxicity tests were
performed by the U S. Bureau of Sport Fisheries and Wldlife on

t echni cal grade Dursban® (97% wi th anphi pod Ganmmarus f asci at us.
Commonl y recogni zed testing guidelines were not nmentioned. Five
concentrations of Dursban® were tested. The use of a control was
not mentioned. One replicate per concentration was tested.
Measur enent of chlorpyrifos concentrati ons was not nentioned.
Water quality paranmeters during the test averaged: tenperature of
21 +0.5°C, pH of 7.1; dissolved oxygen |evel of 8 ng/L; and

al kalinity of 35 ng/L. Control survival was not nentioned. The
96-h LG, value for G fasciatus was 0.32 pg/L. This val ue was
not used because essential information, such as the use of
controls and control survival, was |acking.

Schimel et al. (1983) - In 1983, 96-h flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (92% with Atlantic silverside Menidia nenidia,
nmysi d Mysi dopsi s bahia, sheepshead m nnow Cypri nodon vari egat us,
| ongnose killifish Fundulus simlis, and striped nullet Migi
cephal us. ASTM (1980) testing guidelines were followed.

Chl orpyrifos concentrations tested were not nentioned. Sol vent
and dilution water controls were used. Three replicates per
concentration were tested in nysid tests. The nunber of
replicates tested in fish tests was not nentioned. Chlorpyrifos
concentrations were nmeasured but val ues were not given. Wter
qual ity paraneters during the test were not nentioned. Control
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survi val was not nentioned. The 96-h LG, value for the Atlantic
silverside, nysid, sheepshead m nnow, |ongnose killifish, and
striped mullet were 1.7 pg/L, 0.035 pg/L, 136 pg/L, 4.1 pg/L, and
5.4 pg/L, respectively. These values were not used because
essential information, such as water quality paraneters and
control survival, was |acking.

Strickman (1985) - In 1985, 7-d static toxicity tests were
performed by the US Air Force Cccupational and Environnent al
Heal t h Laboratory on technical grade chlorpyrifos (93 to 100%
wi th second instar nosquito Weonyia smthii. Comonly

recogni zed testing guidelines were not nmentioned. Three
concentrations of chlorpyrifos were tested and a sol vent control
was used. Eight replicates per concentration were tested.

Measur enent of chlorpyrifos concentrati ons was not nentioned.
Water quality paranmeters during the test averaged: tenperature of
27°C, pH was not nentioned; dissolved oxygen | evel was not

nmenti oned; hardness was not nentioned. Control survival was not
menti oned. The data fromthis study were not used because
essential information, such as LG, val ue, control survival, and
di ssol ved oxygen | evel, was | acking.

Thi rugnanum and Forgash (1977) - In 1977, 96-h fl owthrough
toxicity tests were perforned by the Departnent of Entonology and

Econom ¢ Zool ogy, New Brunswi ck State University on technica
grade chlorpyrifos (99.5% wth nmunm chog Fundul us heteroclitus.
Commonl y recogni zed testing guidelines were not nmentioned. Five
concentrations of chlorpyrifos were tested and a sol vent control
was used. Two replicates per concentration were tested.

Measur enent of chlorpyrifos concentrati ons was not nentioned.
Water quality paranmeters during the test averaged: tenperature of
25°C;, pHof 7.5 to 8.0; dissolved oxygen | evel was not nentioned
but the testing solution was aerated; and salinity of 20°, to
25° ,,. Control survival was not nentioned. The 96-h LG, val ue
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for F. heteroclitis was 4.65 pg/L. The 96-h LG, value for F.
heteroclitis was not used because essential information, such as
control survival, was |acking.

U.S. Arny Environnental Hygi ene Agency (1970) - In 1970, toxicity
tests were perforned by the U S. Arny Environnmental Hygi ene

Agency on DursbanR (percent active ingredient not specified) with
first instar |larvae of nosquito Culicoides pipiens

gui nquef asci atus. Commonly recogni zed testing guidelines were
not mentioned. Eight concentrations of Dursban® were tested and
a solvent control was used. Four replicates per concentration
were tested. Measurenment of chlorpyrifos concentrations was not
menti oned. Water quality paranmeters during the test were not
mentioned. Control survival was not nentioned. The test found

t hat subl ethal concentrations of Dursban® had no effect on I|arval
devel opment of C. pipiens quinquefasciatus. This information was
not used because essential information, such as acute toxicity
data and control survival, was | acking.

Walton et al. (1990) - In 1990, 24-h static toxicity tests were
performed by the Departnment of Entonol ogy, University of

California at Riverside on chlorpyrifos (the percent active

i ngredi ent not specified) with 4-5 day ol d tadpole shrinp Triops
| ongi caudatus. Conmonly recogni zed testing guidelines were not
menti oned. Measurenent of chlorpyrifos concentrations was not
menti oned. A solvent control was used. Ten replicates per
concentration were tested. Water quality paranmeters during the
test averaged: tenperature of 28 +2°C, pH was not nenti oned;

di ssol ved oxygen | evel was not nentioned. Control survival was
not mentioned. The 24-h LG, value for T. |ongi caudatus was 4.0
Mg/ L. This value was not used because essential information,
such as concentrations tested and control survival, was | acking.
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Table A-1. Values (ug/L) from accepted tests on the acute toxicity of chlorpyrifos to aquatic ani mals.

Life Salinity/ Test Val ues
Speci es St age? Met hod®  Formul ation Hardness? Length Ef f ect (95% C. L.)¢ Ref erence
Anphi pod 2 no. S, U Tech(97% N A 96- h LCso 0.11 Sanders 1969
Gammar us (0.071-0.17)
| acustris
Atlantic juv. F, M Tech(92% 24°] 96-h LG5 1.7 (1.4-2.0) Mayer 1987
silverside 53-d
Meni di a meni di a
Atlantic 0-d F, M Tech(92% 20°/ o 96- h LCso 0.5 Bor t hwi ck
silverside (0.4-0.7) et al. 1985
Meni di a meni di a
Atlantic 7-d F, M Tech(92% 20°/ o 96- h LC50 1.0 Bor t hwi ck
silverside (0.9-1.2) et al. 1985
Meni di a meni di a
Atlantic 14-d F, M Tech(92% 20°/ o 96- h LCso 1.1 Bor t hwi ck
silverside (N A) et al. 1985
Meni di a nmeni di a
Atlantic 28-d F, M Tech(92% 20°/ o 96- h LCso 3.0 Bor t hwi ck
silverside (2.6-4.0) et al. 1985
Meni di a nmeni di a
Bl ue crab juv. F, U Tech(92% 20°/ o 48-h ECs, 5.2 Mayer 1987
Cal i nectes sapi dus (N A)

Bl uegi I | N A S, U Tech(97% 44 ng/L 96- h LCso 2.4 (1.1-5.1) Mayer and
Lepom s as CaCQ, El I ersi eck
macrochi rus 1986
Bl uegi I | N A S, U Tech(97% 272 mgl/ L 96- h LCso 4.2 Mayer and
Lepom s as CaCQ, (3.2-5.5) El I ersi eck
macrochi rus 1986
Bl uegi I | N A S, U Tech(97% 272 mgl/ L 96- h LCso 1.8 Mayer and
Lepom s as CaCQ, (1.5-2.2) El I ersi eck
macrochi rus 1986
Bl uegi I | N A S, U Tech(97% 272 mgl/ L 96- h LCso 2.5 Mayer and
Lepom s as CaCQ, (1.2-3.0) El I ersi eck
macrochi rus 1986
Bl uegi I | N A S, U Tech(97% 272 mgl/ L 96- h LCso 1.7 Mayer and
Lepom s as CaCQ, (N A) El I ersi eck
macrochi rus 1986




Tabl e A-1.

Conti nued - 2-

Life Salinity/ Test Val ues
Speci es St age? Met hod®  Formul ation Hardness? Length Ef f ect (95% C. L.)¢ Ref erence
Bl uegi I | N A F, M Tech(99.9% 44.4 ng/L 96- h LCso 10 Phi pps and
Lepom s as CaCQ, (6-14) Hol combe 1985
macrochi rus
Brown shrinp juv. F, Tech(92% 26°/ o 48-h ECso 0. 20 Mayer 1987
Penaeus aztecus (N A
California 0-d F, Tech(92% 25°/ o 96- h LCso 1.0 Bort hwi ck
gruni on (0.8-1.3) et al. 1985
Leuresthes tenuis
California 7-d F, Tech(92% 25°/ o 96- h LCso 1.0 Bor t hwi ck
gruni on (0.8-1.3) et al. 1985
Leuresthes tenuis
California 14-d F, Tech(92% 25°/ o 96- h LCso 1.0 Bor t hwi ck
gruni on (0.8-1.4) et al. 1985
Leuresthes tenuis
California 28-d F, Tech(92% 25°/ o 96- h LCso 1.3 Bor t hwi ck
gruni on (1.0-1.7) et al. 1985
Leuresthes tenuis
California | arvae F, Tech(92% 25°/ o 96- h LCso 2.7 (1.9-5.4) Mayer 1987
gruni on 7-d
Leuresthes tenuis
California | arvae F, Tech(92% 20°/ o 96- h LCso 1.0 (0.76-1.4) Mayer 1987
gruni on 14-d
Leuresthes tenuis
Channel N A F, Tech(99.9% 44.4 ng/L 96- h LCso 806 Phi pps and
catfish as CaCo, (434-1088) Hol combe 1985
I ctal urus
punct at us
Channel catfish N A S, Tech(97% 44 ng/L 96- h LCso 280 (206-381) Mayer and
I ctal urus as CaCQ, El I ersi eck
punct at us 1986
Cl adocer an neonat e S, Tech(99% 120 ng/L 96- h LCso 0.13 (0.08-0.16) CDFG 1992b
Ceri odaphni a <24-h as CaCGo;
dubi a
Cl adocer an neonat e S, Tech(99% 122 ny/L 96- h LCso 0.08 (0.06-0.11) CDFG 1992b
Ceri odaphni a <24-h as CaCGo;

dubi a




Tabl e A-1. Conti nued - 3-

Life Salinity/ Test Val ues
Speci es St age? Met hod®  Formul ation Hardness? Length Ef f ect (95% C. L.)¢ Ref erence
Cl adocer an neonat e S, M Tech(99% N A 48-h LCso 1.0 (1.0-1.1) Kersting and
Daphni a magna <24-h Van W j ngaar den
1992
Crawl i ng wat er adul t S, Tech(94% N A 96- h LCso 0.8 Federl e and
beetl e (N A Col l'ins 1976
Pet odyt es sp.
Crayfish N A F, Tech(99.9% 44.4 ng/L 96- h LCso 6.0 (4.0-9.0) Phi pps and
Orconect es as CaCQ, Hol conmbe
i muni s 1985
Cutthroat trout N A S, Tech(97% 44 ng/L 96- h LCso 18.4 (15.6-21.7) Mayer and
Oncor hynchus cl arki as CaCQ, El I ersi eck
1986
Cutthroat trout N A S, Tech(97% 44 ng/L 96- h LCso 5.4 (4.1-7.1) Mayer and
Oncor hynchus cl ar ki as CaCQ, El I ersi eck
1986
Cutthroat trout N A S, Tech(97% 162 ny/L 96- h LCso 26.0 (16.8-40.3) Mayer and
Oncor hynchus cl ar ki as CaCQ, El I ersi eck
Cutthroat trout N A S, Tech(97% 162 ny/L 96- h LCso 13.4 (9.9-18.0) Mayer and
Oncor hynchus cl ar ki as CaCQ, El I ersi eck
1986
Eastern oyster <2-h S, Tech(98% 20°/ o 48-h ECs, 1991 Bort hwi ck and
Crassostrea (1505-2809) Wal sh 1981
virginica
Fat head m nnow juv. F, Tech(99.9% 45.3 ng/L 96- h LCso 203 Hol conbe et al
Pi mephal es as CaCQ, (191-217) 1982
pronel as
Fat head m nnow | arvae F, Tech(99% 45.8 ny/L 96- h LCso 140 (120-160) Jarvi nen and
Pi mephal es as CaCQ, Tanner 1982
pronel as
Fat head m nnow N A F, Tech(99.9% 44.4 ng/L 96- h LCso 542 Phi pps and
Pi mephal es as CaCQ, (225-1310) Hol combe 1985
pronel as
Gol dfi sh N A F, Tech(99% 44.4 ny/L 96- h LG >806 Phi pps and
Car assi us as CaCQ, (N A Hol combe 1985

aur at us




Tabl e A-1.

Conti nued -4-

Life Salinity/ Test Val ues
Speci es St age? Met hod®  Formul ation Hardness? Length Ef f ect (95% C. L.)¢ Ref erence
Grass shrinp juv. F, U Tech(92% 26°/ o 48-h ECso 1.5 Mayer 1987
Pal aenponet es pugi o (N A
Gulf killifish juv. F, M Tech(92% 28°/ o, 96-h LG5 1.8 (1.5-2.1) Mayer 1987
Fundul us grandi s
Gul f toadfish juv. F, M Tech(92% 25°7 o, 96-h LG5 68 Mayer 1987
Opsanus bet a (N A
Gul f toadfish 2 no. S, M Tech(92% 29-30° 4 96- h LCso 520 (450-600) Hansen et al.
Opsanus bet a 1986
I nl and juv. F, M Tech(92% N A 96- h LCso 4.2 (3.4-5.4) Clark et al.
silverside 72-d 1985
Meni di a beryllina
Lake trout N A F, U Tech(97% 162 ny/L 96- h LCso 244 Mayer and
Sal vel i nus as CaCQ, (205. 0-290. 0) El I ersi eck
namaycush 1986
Longnose adul t F, M Tech(92% 26°/ o 96- h LCso 4.1 (2.8-6.9) Mayer 1987
killifish
Fundul us simlis
Mysi d juv. F, M Tech(92% 27° o 96-h LG5 0.035 Mayer 1987
Mysi dopsi s bahi a 1-d (0.029-0.043)
Mysi d adul t F, U Tech(92% 27° o 96-h LG5 0. 040 Mayer 1987
Mysi dopsi s bahi a (0.030-0.043)
Mysi d juv. S, U Tech(98% 20°/ o 96- h LCso 0. 056 Bort hwi ck and Wl sh
Mysi dopsi s bahi a (0.032-0.10) 1981
Mysi d neonat e S, M Tech(99% 499 ng/ L 96- h LCso 0.16 CDFG 1992a
Neonysi s nercedis as CaCQ, (0.14-0. 30)
Mysi d neonat e S, M Tech(99% 509 ng/ L 96- h LCso 0.14 CDFG 1992a
Neonysi s nercedis as CaCQ, (0.09-0.1825)
Mysi d neonat e S, M Tech(99% 515 nmg/ L 96- h LCso 0.15 CDFG 1992a
Neonysi s nercedis as CaCQ, (0.09-0.1825)
Pi nk shrinp juv. F, U Tech(92% 26°/ o 48-h ECso 2.4 Mayer 1987
Penaeus duorarum (N A
Rai nbow trout juv. F, M Tech(99.9% 45.3 ng/L 96- h LCso 8.0 (6.8-9.4) Holconbe et al.
Oncor hynchus nyki ss as CaCQ, 1982




Tabl e A-1.

Conti nued -5-

Life Salinity/ Test Val ues
Speci es St age? Met hod®  Formul ation Hardness? Length Ef f ect (95% C. L.)¢ Ref erence
Rai nbow trout N A S, U Tech(97% N A 96- h LCso 7.1 (6.0-8.4) Macek et al
Oncor hynchus nyki ss 1969
Rai nbow trout N A S, U Tech (97% 44 ng/L 96- h LCso 51 (43-60) Mayer and
Oncor hynchus nyki ss as CaCQ, El I ersi eck
1986
Sheepshead m nnow adult F, M Tech (98% 10°/ 4 96- h LCso 140 (110-160) Mayer 1987
Cypri nodon
vari egat us
Sheepshead fry S, U Tech(98% 20°/ o 96- h LCso 270 (235-309) Bor t hwi ck
m nnow and Wal sh
Cyprinodon vari egat us 1981
Snai | adul t F, M Tech(99.9% 44.4 ng/L 96- h LG >806 Phi pps and
Apl exa hypnorum as CaCQ, (N A Hol combe 1985
Spot juv. F, U Tech (92% 26°/ 4 48- h LG5, 7.0 Mayer 1987
Lei ost onus (N A
xant hur us
St onefly nai ad S, U Tech(97% N A 96- h LCso 10 (7-13) Sanders and Cope
Pt eronar cys 1968
californica
St onefly nai ad S, U Tech(97% N A 96- h LCso 0. 38 Sanders and Cope
Pt eronarcel |l a (0.30-0.49) 1968
badi a
St onefly nai ad S, U Tech(97% N A 96- h LCso 0.57 Sanders and Cope
Cl aasseni a (0.39-0.83) 1968
sabul osa
Striped mull et juv. F, M Tech (92% 25 4 96- h LG5 5.4 (4.0-6.9) Mayer 1987
Mugi | cephal us
Ti dewat er 0-d F, M Tech(92% 20°/ o 96- h LCso 1.0 Bor t hwi ck
silverside (N A et al. 1985
Meni di a peni nsul ae
Ti dewat er 7-d F, M Tech(92% 20°/ o 96- h LCso 0.5 Bor t hwi ck
silverside (0.5-0.6) et al. 1985
Meni di a peni nsul ae
Ti dewat er 14-d F, M Tech(92% 20°/ o 96- h LCso 0.4 Bor t hwi ck
silverside (0.3-0.6) et al. 1985

Meni di a peni nsul ae




Tabl e A-1. Conti nued - 6-

Life Salinity/ Test Val ues

Speci es St age? Met hod®  Formul ation Hardness? Length Ef f ect (95% C. L.)¢ Ref erence

Ti dewat er 28-d F, M Tech(92% 20°/ o 96- h LCso 0.9 Bor t hwi ck
silverside (0.7-1.1) et al. 1985

Meni di a peni nsul ae

Ti dewat er juv. F, M Tech(-) N A 96- h LCso 1.3 Clark et al
silverside (1.0-1.7) 1985

Meni di a peni nsul ae

Ti dewat er | arvae F, M Tech(92% 27° o 96- h LCso 0.96 (0.71-1.3) Mayer 1987
silverside 1-d

Meni di a peni nsul ae

Ti dewat er | arvae F, M Tech(92% 20°/ o 96- h LCso 0.52 (0.46-0.59) Mayer 1987
silverside 7-d

Meni di a peni nsul ae

Ti dewat er | arvae F, M Tech(92% 20°/ o 96- h LCso 0.42 (0.33-0.57) Mayer 1987
silverside 14-d

Meni di a peni nsul ae

Ti dewat er | arvae F, M Tech(92% 309/ o 96- h LCso 0.89 (0.69-1.1) Mayer 1987
silverside 28-d

Meni di a peni nsul ae

& N A = Data not avail able

b F = Fl owthrough S = Static U = Unneasured concentration M = Measured concentration

¢ 95% confidence limt



Table A-2. Values (pg/L) fromunaccepted tests on the acute toxicity of chlorpyrifos to aquatic ani mals.

Life Salinity/ Test Val ues

Speci es St age? Met hod2® Fornmul ati on? Hardness? Length Effect (95% C. L.)=¢ Ref erence Def i ci enci esd
Anphi pod N A S, NA Tech(97% N A 96- h LCso 0.32 Sanders 1972 3
Gammar us (0.12-0.90)

fasci atus
Atlantic N A F, M Tech(92% N A 96- h LCso 1.7 Schi nmel 3

silverside (1.4-2.0) et al. 1983
Meni di a meni di a
Bl uegi I | N A S, NA N A 2-5 ng/ L 96- h LCso 30 Carter and 3
Lepom s as CaCo, (N A Graves 1973

macr ochi rus
Car p finger- S, M EC(40. 8% 116-123 48-h LCs 59 (38-92) El - Ref al 1,3,4,6
Cyprinus l'ing ng/ L et al. 1976

carpio as CaCo,
Car p finger- S, M EC(40. 8% 116-123 48-h LCs 280 (236-332) El - Ref al 1,3,4,6
Cyprinus l'ing ng/ L et al. 1976

carpio as CaCo,
Cer at opogoni d4th instar S,NA Tech(-) N A 24-h LCso 4. 31 Hol br ook 1,3
Cul i coi des (3.8-4.9) 1982

variipennis
Cer at opogoni d | arvae S, U Tech(-) sof t 24-h LCso 2.96 Hol br ook 1,3
Cul i coi des wat er (2.6-3.4) 1983

variipennis
Channel N A SSNA N A 2-5 ng/ L 24-h LCso 160 Carter and 3

catfish as CaCo, (N A Graves 1973
I ctal urus punctatus
Cl adocer an neonat e S, M Tech(99% 119 ny/L 96- h LCso 0.12 CDFG 1992b 5
Ceri odaphni a as CaCo, (N A)

dubi a
Cl adocer an adul t N A N A N A 24-h LCso 16 Kenaga et al. 3
Daphni a sp. & nynph (N A) 1965
Cor al pl anul ae S, F, N A Tech(-) N A 96- h LCso N A Acevedo 1991 3
Poci | | opora dami corni s
Crayfish N A S, NA 2-5 mg/ L N A 96- h LCso 2.0 Carter and 3
Pr ocanbar us (N A) Graves 1973

acut us
Crayfish N A S, NA Tech(99.8% 250 ng/L 96- h LCso 21 Cebrian et al. 3
Pr ocanbar us as CaCo, (20-22) 1992

clarkii



Tabl e A-2.

Conti nued - 2-

Life Salinity/ Test Val ues

Speci es St age? Met hod2® Fornmul ati on? Hardness? Length Effect (95% C. L.)¢ Ref erence Def i ci enci esd
Eur opean eel N A F, NA Tech(97% 250 ng/ L 96- h LCso 540 Ferrando 2,3
Anguilla anguilla as CaCo, (420-650) et al. 1991
ol den shi ner N A N A Tech(99+1% 24 ng/L 36-h LCso 35 Ferguson et al. 1,7
Not em gonus as CaCo, (N A 1966

osysol eucus
Gol dfi sh juv. N A N A N A 24-h LCso 180 Kenaga et al. 1,3
Carrassi us (N A 1965

aur at us
Green sunfish N A N A Tech(99+1% 24 ng/L 36-h LCso 22.5 Ferguson et al. 1,7
Lepom s as CaCo, (N A) 1966

cyanel | us
Green sunfish adul t S, NA N A N A 72-h LCso 40 Davey et al. 1,3,9
Lepom s (30-50) 1976

cyanel | us
Korean shrinp N A S, NA Tech(99% 15-30°/ 4, 96- h LCso 0. 25 Ear nest 3
Pal aenon (0.10-0.63) 1970

macr odact yl us
Korean shrinp N A F, NA Tech(99% 15-30°/ 4, 96- h TLsg 0.01 Ear nest 3
Pal aenon (0.002-0.046) 1970

macr odact yl us
Longnose N A F, NA Tech(92% N A 96- h LCso 4.1 Schi nmel 3

killifish (2.8-6.9) et al. 1983
Fundul us simlis
M dge 4th instar N A, Tech(-) 27-45° 24-h LCso 0.44 Ali and 2,3, 7
Chi rononus N A (0.3-0.6) Maj ori 1982

sal i nari us
Mosquit o 2nd instar S, N A Tech N A 7-d LCso N A Strickman 3
Weonyi a (93-100% 1985

sm thi
Mosqui t o 1st instar NA Tech(-) N A N A ECso N A U.S. Arny 3
Cul i coi des pi pi ens Environ. Hygiene

gui nquef asci at us

Agency 1970




Table A-2. Continued - 3-
Life Salinity/ Test Val ues
Speci es St age? Met hod2® Fornmul ati on? Hardness? Length Effect (95% C. L.)¢ Ref erence Def i ci enci esd
Mosqui t of i sh N A N A Tech(99+1% 24 ng/L 36-h LCso 215 Ferguson et al. 1,7
Ganmbusia affinis as CaCo, (N A) 1966
Mosqui t of i sh N A S, NA N A 2-5 ng/ L 96- h LCso 280 Carter and 3
Ganmbusia affinis as CaCo, (N A) Graves 1973
Mosqui t of i sh N A N A Tech(-) N A 92-h LCgs 1000 Dar wazeh 1,3
Ganmbusia affinis (N A) and Mul | a
1974

Mosqui t of i sh adul t SSNA N A N A 72-h LCso 260 Davey et al. 1,3,9
Ganmbusi a affini ggravid) (180-340) 1976
Murmm chog N A F, NA Tech(99.5% 20- 259, 96- h LCso 4. 65 Thi rugnanum 3
Fundul us (3.4-6.3) and Forgash

het erocl i tus 1977
Mysi d N A F,NA Tech(92% N A 96-h LCs 0.035 Schi mel 3
Mysi dopsi s bahi a (0.029-0.043) et al. 1983
Roti f er new y S, NA N A 80-100 24-h LCso 11850 Ferrando and 3
Brachi onus hat ched ng/ L (10860-12840) Andr eu- Mol i ner

cal yci fl orus as CaCo, 1991
Roti fer new y S, NA N A 15°/ 24-h LCso 10670 Ferrando and 3
Brachi onus hat ched (9310-12030) Andr eu- Mol i ner

plicatilis 1991
Sheepshead N A F, NA Tech(92% N A 96- h LCso 136 Schi nmel 3

nm nnow (113-153) et al. 1983
Cyprinodon vari egat us
Snai | mat ur e N A N A N A 24-h LG >2000 Kenaga et al. 1,3
Hel i soma trivolvis (N A 1965
Stri ped bass N A F, NA Tech(90% 15-30°/ 4, 96- h TLsg 0.58 Ear nest 3
Morone saxatilis (0.35-0.97) 1970
Striped nullet N A F, NA Tech(92% N A 96- h LCso 5.4 Schi nmel 3
Mugi | cephal us (4.0-6.9) et al. 1983
Tadpol e shrinmp 4-5d S, NA N A N A 24-h LCso 4.0 (1.7-4.9) Walton et al. 3
Tri ops | ongi caudat us 1990
Til api a finger- S, M Tech(41. % 116-123 48-h LCs 62 (42-91) El - Raf al 1,3,4,6
Ti | api a l'ing ng/ L et al. 1976

nilotica as CaCo,




Tabl e A-2. Conti nued -4-

Life Salinity/ Test Val ues
Speci es St age? Met hod2® Fornmul ati on? Hardness? Length Effect (95% C. L.)¢ Ref erence Def i ci enci esd
Til api a finger- S, M Tech(41% 116-123 48-h LCs 114 (84-156) El - Raf ai 1,3,4,6
Ti | api a l'ing ng/ L et al. 1976
nilotica as CaCo,

a N A = not avail able

b S = Static F = Flowthrough M = Measured concentration U = Unnmeasured concentration

¢ Confidence limts

d 1 = Test duration too short or too |ong

Pesticide fornmulation too low in active ingredient

Unaccept abl e or unneasured di ssol ved oxygen

Test organi sms exposed to pesticides prior to testing

Essential information |acking 8 = Unacceptable dilution water used
Test tenperature varied by >2°C

| nadequat e nunber of concentrations tested

Unaccept abl e control survival 10 = Unacceptable nortality range

QobPbwuaNo
oy g g



APPENDI X B. Abstracts of chronic toxicity tests.

Accepted chronic toxicity tests - The followi ng tests used
accepted test nethods.

Cripe et al. (1986) - In 1986, 28-d flowthrough chronic toxicity
tests were perforned by the U S. EPA on technical grade

chl orpyrifos (92% w th sheepshead m nnow Cypri nodon vari egat us.
Commonl y recogni zed chronic test guidelines were not nentioned.

Fi ve concentrations were tested and a solvent control was used.

Two replicates per concentration were tested. Chlorpyrifos
concentrations were nmeasured weekly and averaged 66 to 76% of

nom nal concentrations for the first series of tests and 64 to
74% of nom nal concentrations for the second series of tests.
Water quality paranmeters during the test averaged: tenperature of
30 +1°C, pHrange of 7.9 to 8.1; dissolved oxygen |evel of 5.0
nmg/L; and salinity of 28°, for the first series of tests and
25° ,, for the second series of tests. Control survival was 97 to
100% for the first series of tests and 96 to 100% for the second
series of tests. The NOEC val ue and LOEC val ue, based on grow h,
for C. variegatus were 1.7 pg/L and 3.0 pg/L, respectively. The
MATC val ue was 2. 26.

Goodman et al. (1985a) - In 1985, 28-d flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (97.7% with 32 to 36-h old enbryos of inland
silverside Menidia beryllina and tidewater silverside Menidia
peni nsul ae. Commonly recogni zed testing guidelines were not
menti oned. Five concentrations of chlorpyrifos were tested and
solvent and dilution water controls were used. One replicate per

concentration was tested. Chlorpyrifos concentrations were
measur ed weekly and averaged 63 to 90% of noni nal concentrations
in M beryllina tests and 65 to 78% in M peninsul ae tests.

Water quality paranmeters during the test averaged: tenperature of
25 +2°C; pH was not neasured but was estinmated to range from?7.3
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to 8.1; dissolved oxygen level of 7.6 ng/L to 7.8 ng/L for M
beryllina and 6.0 ng/L to 6.9 ng/L for M peninsul ae; and
salinity of 4.0°%, to 6.0, for M beryllina and 18° ,, to 25°
for M peninsulae. Sea water and solvent control survival for M
beryllina were 80% and 83% respectively. Sea water and sol vent
control survival for M peninsul ae were 88% and 63%
respectively. NOEC val ues, based on growth, for M beryllina and
M peninsul ae were 0.75 pg/L and 0.38 pg/L, respectively. The
LCEC val ues based on growth, for M beryllina and M peni nsul ae
were 1.8 ug/L and 0.78 pg/L, respectively. The MATC val ues for
M beryllina and M peninsul ae were 1.16 and 0.54, respectively.
This test also included Atlantic silverside Menidia nenidia,
described in Unaccepted chronic toxicity tests.

Hansen et al. (1986) - In 1986, a 49-d flowthrough toxicity test
was performed by the U S. EPA on technical chlorpyrifos (92%
with gul f toadfish Qpsanus beta. ASTM (1985) testing guidelines
were followed. Six concentrations of chlorpyrifos were tested

and a solvent control was used. Two to three replicates per
concentration were tested. Chlorpyrifos concentrations were
measur ed weekly and averaged 50 to 60% of nom nal concentrations.
Water quality paranmeters during the test averaged: tenperature of
26 +2°C, pH was not nentioned; dissolved oxygen level of 4.1 ny/L
to 6.4 ng/L; and salinity of 25°, to 34.5°%,. Control surviva
was 97% The NCEC val ue and LCEC val ue, based on growth, were 1.4
pmg/ L and 3.7 pg/L, respectively. The MATC value for O beta was
2.28.

Jarvinen and Tanner (1982) - In 1982, 32-d flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (98.7% w th <48-h enbryos of fathead m nnow

Pi mephal es pronelas. APHA (1975) testing guidelines were

foll owed. Five concentrations of chlorpyrifos were tested and a

dilution water control was used. Two replicates per
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concentration were tested. Chlorpyrifos concentrations were
nmeasured weekly and averaged 102 to 144% of nom nal
concentrations. Water quality paranmeters during the test
averaged: tenperature of 25.0 +0.6°C, pH of 7.4 to 7.8; dissolved
oxygen level of 6.5 ng/L to 8.4 ng/L; hardness of 45.8 ng/L; and
al kalinity of 43.1 ng/L. Control survival was 100% The NCEC
val ue and LOEC val ue, based on survival, for P. pronelas were 1.6
pg/ L and 3.2 pg/L, respectively. The MATC value for P. pronel as
was 2. 26.

McKenney et al. (1981) - In 1981, 28-d flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (97.7% with juvenile nysid Mysi dopsis bahi a.
Commonl y recogni zed testing guidelines were not nmentioned. Four
concentrations of chlorpyrifos were tested and a sol vent control
was used. Eight replicates per concentration were tested.

Chl orpyrifos concentrations were nmeasured weekly and averaged 71
to 120% of nom nal concentrations. Water quality paraneters
during the test averaged: tenperature of 25 +2°C; pH was not
nmeasur ed; dissol ved oxygen |level of 6.6 +0.2 ng/L; and salinity
of 19°/, to 28° .. Control survival was 74% The NOCEC val ue
LCEC val ue, and MATC val ue, based on growth, for M bahia were
0.002 pg/L, 0.004, and 0.003 pug/L, respectively.

Norberg and Mount (1985) - In 1985, 7-d static toxicity tests
were perforned by U S. EPA on technical Dursban® (percent active
i ngredi ent not specified) with larval fathead m nnow Pi nephal es
pronel as. EPA (1982) and ASTM (1983) testing guidelines were
foll owed. Five concentrations were tested and a dilution water
control was used. Three replicates per concentration were
tested. Chlorpyrifos concentrations were neasured and averaged
60 to 74% of nom nal concentrations. Water quality paraneters
during the test averaged: tenperature of 25 +2°C; pHof 7.8 to
8.0; initial dissolved oxygen level of 8.0 ng/L to 6.0 ng/L at
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24-h; and hardness of 45 ng/L to 48 ng/L as CaCO;. Control
survival was >80% The 7-d NCEC val ue and LOCEC val ue for P
pronel as based on growth were 3.7 pug/L and 7.4 ug/L,
respectively. The MATC val ue was 5. 23.

Unaccepted chronic toxicity tests - The follow ng tests did not
use accepted test nethods.

Goodman et al. (1985b) - In 1985, 26-d and 35-d fl owt hrough
toxicity tests were perforned by the U S. EPA on technical grade
chlorpyrifos (92% with 2.5-d old fry California grunion
Leuresthes tenuis. Conmmonly recogni zed testing guidelines were
not mentioned. Five concentrations of chlorpyrifos were tested
and sol vent and dilution water controls were used. Three
replicates per concentration were tested. Chlorpyrifos
concentrations were nomnal. Water quality paranmeters during the
test averaged: tenperature of 23°C to 26°C, pH of 7.6 to 7.9;

di ssol ved oxygen level of 5.7 ng/L to 5.8 ng/L; and salinity of
28.6° , in the 35-d tests and 29.3° , in the 29-d tests. Control
survival was 85%in the 26-d toxicity test and 78 to 82% in the
35-d toxicity test. The 26-d NOEC val ue and LCEC val ues for L
tenuis were 0.50 pg/L and 1.0 pg/L, respectively. The 35-d NOEC
val ue and LOEC value for L. tenuis were 0.25 pg/L and 0.50 pg/L,
respectively. These values were not used because chl orpyrifos
concentrations were nomnal and 2.5-d old fry were used instead
of <48-h ol d enbryos.

Goodman et al. (1985a) - In 1985, 28-d flowthrough toxicity
tests were perforned by the U S. EPA on technical grade
chlorpyrifos (92% with 32 to 36-h old enbryos of Atlantic
silverside Menidia nenidia. Commonly recognized testing
gui del ines were not nmentioned. Five concentrations of

chl orpyrifos were tested and a solvent control was used. One
replicate per concentration was tested. Chlorpyrifos
concentrations were nmeasured weekly and averaged 48 to 132% of
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nom nal concentrations. Water quality paranmeters during the test
averaged: tenperature of 25 +2°C, pH was not nentioned; dissolved
oxygen level of 5.2 ng/L to 5.5 ng/L; and a salinity of 18, to
27° . Control survival was 41% The NOEC val ue and LOEC val ue
for M nmenidia were 0.28 pg/L and 0.48 pg/L, respectively. These
data were not used because control survival in chronic toxicity
tests nust be greater than 60% (ASTM 1988c). The M nenidia
tests had a control survival of 41% This test also included
tests using inland silverside Menidia beryllina and tidewater
silverside Menidia peninsulae. These tests were acceptabl e and
are described in Acceptable chronic toxicity test abstracts.

Kersting and Van Wjngaarden (1992) - In 1992, 21-d static
toxicity tests were perforned by the Research Institute for
Nat ur e Managenent, Netherlands on technical grade chlorpyrifos
(99% with <24-h old cladoceran Daphnia nagna. Comonly
recogni zed testing guidelines were not nmentioned. Six

concentrations of chlorpyrifos were tested and sol vent and
dilution water controls were used. Two replicates per
concentration were tested. Chlorpyrifos concentrations were
measured at the beginning of each test and averaged 60% of

nom nal concentrations. Water quality paranmeters during the test
averaged: tenperature of 19.5 +0.5°C, pH of 6.8 to 7.0; and

di ssol ved oxygen level of 7.7 ng/L to 8.8 ng/L. Control survival
was 100% The NCEC val ue, based on reproduction, for D. magna
was 0.1 pg/L. These val ues were not used because a LOEC val ue
was not determ ned and concentrations were not measured during
the test.
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Table B-1. Values (pg/L) from accepted tests on the chronic toxicity of chlorpyrifos to aquatic ani nals.

Life Salinity/ Test MATC
Speci es St age? Met hod® Formul ation  Hardness Length Ef f ect Val ues (NOECXLCOEC) 2 Ref erence
Fat head enbryo F, M Tech(99% 45.8 ng/L 32-d NOEC 1.6 2.26 Jarvi nen and
nm nnow as CaCG; LOEC 3.2 Tanner 1982
Pi mephal es
pronel as
Fat head | arvae S,M Tech(--) 45-48 ngl/L 7-d NOEC 3.7 5.23 Nor berg and
nm nnow as CaCQ, LOEC 7.4 Mount
Pi mephal es 1985
pronel as
______ cul f enbryo- F, M Tech(92% 25-34°/ ,, 49-d NOEC 1.4 2.28 Hansen et al
t oadfi sh juv. LOEC 3.7 1986
Opsanus bet a
I'nl and enbryo F., M Tech(98% 4-6° 28-d NOEC 0.75 1.16 Goodman et al
silverside LOEC 1.80 1985a
Meni di a
beryl li na
MWysid <48-h F, M Tech(98% 19- 289 , 28-d NOEC 0. 002 0. 003 McKenney et al
Mysi dopsi s juv. LOEC 0. 004 1981
bahi a
Sheepshead enbryo F., M Tech(92% 25- 289/ , 28-d NOEC 1.7 2.26 Cripe et al
m nnow LOEC 3.0 1986
Cypri nodon
vari egat us
Ti dewat er enbryo F., M Tech(98% 18- 25/ , 28-d NOEC 0.38 0.544 Goodman et al
silverside LOEC 0.78 1985a

Meni di a
peni nsul ae




a N A = Data not avail able

b S = Static F = Fl ow-t hrough M = Measured concentration U = Unneasured concentration



Tabl e B-2.

Val ues (upg/L) from unaccepted tests on the chronic toxicity of

chlorpyrifos to aquatic ani mals.

Life Salinity/ Test
Speci es St age Met hod2 Fornul ati on Hardness® Length Ef fect Val ues® Reference Deficiencies®
AtTantic enbryo F., M Tech(92% 18-279 , 28-d NOEC 0.28 Goodman 4
silverside LCEC 0. 48 et al. 1985a
Meni di a
meni di a
California fry F, U Tech(92% 29. 39 26-d NOEC 0.5 Goodman 5,6
gruni on LOEC 1.0 et al. 1985b
Leur est hes
tenui s
California 2.5-d F, U Tech(92% 28. 6% 4, 35-d NOEC 0. 25 Goodman 5,6
gruni on enbryo LOEC 0.50 et al. 1985b
Leur est hes
tenui s
Cl adocer an <24-h S, U Tech(99% N A 21-d NOEC 0.1 Kersting and 1,5
Daphni a LOEC N A Van W jngaarden
magna 1992
a F = Flowthrough S= Static M = Measured concentration U = Unneasured concentration
b N A = Data not avail able
¢ 1 = Essential information |acking
2 = Unacceptabl e or unneasured di ssol ved oxygen |evels
3 = Test organi sns exposed to pesticides prior to testing
4 = Unacceptable control surviva
5 = Concentrations not measured
6 = Unacceptable |life stage tested



APPENDI X C. Abstracts of plant toxicity tests.

Bort hwi ck and Wal sh (1981) - In 1981, 96-h static toxicity tests
were perforned by the U S. EPA on technical grade Dursban® (97%
with the diatons Skel etonena costatum (5 tests), |Isochrysis

gal bana (1 test), and Thal assi osira pseudonana (1 test). ASTM
(1978a, b) testing guidelines were followed. Five concentrations
of Dursban® were tested and sol vent and dilution water controls

were used. Two replicates per concentration were tested.

Measur enment of chlorpyrifos concentrations was not nentioned for
any test. Water quality paranmeters during the test averaged:
tenperature of 20.0 +0.5°C, pH of 8.1; dissolved oxygen |evel was
not measured; and salinity of 30°,. The 96-h EGC, values for S.
costatum were 255 pg/L, 289 pg/L, 326 pg/L, 328 pg/L, and 297
pg/L for tests 1-5, respectively. The 96-h EG, val ues, based on
growh inhibition, for I. gal bana and T. pseudonana were 138 ug/L
and 148 ug/ L, respectively. This test also included tests with
nmysi d Mysi dopsi s bahia, eastern oyster Crassostrea virginica, and
sheepshead m nnow Cypri nodon vari egatus (Appendix A).

Brown et al. (1976) - In 1973-74, static toxicity tests were
performed by the Institute for Environnental Studies and School

of Hygiene, University of Toronto on technical grade Dursbank
(percent active ingredient not specified) wth phytopl ankt on.

The commonly occurring species of phytoplankton in the artificial
pond system were: Ankistrodesnus sp., Ceratiumsp., Cl osteriopsis
sp., Dinobyron sp., denodiniumsp., Tetraedron sp., and diat ons.
Commonl y recogni zed testing guidelines were not nmentioned. Four
concentrations of Dursban® were tested and a solvent control was

used. The nunber of replicates tested was not nentioned.

Dur sban® was applied once and there was a decline in the
concentration of the insecticide over tinme. Water quality
parameters during the test were not nentioned. Critical values
were not reported.
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Butcher et al. (1977) - In 1977, static toxicity tests |onger
than 80-d were perforned by the Departnent of Biology and Centre
for Research on Environnmental Quality, York University, Canada on
Dur sban® (percent active ingredient not specified) with green and
bl ue-green al gae (nmjor species: Mugeotia sp., Chlorella sp.).
Commonl y recogni zed testing guidelines were not nmentioned. Three

concentrations of Dursban® were tested and water controls were
used. Only one treatnent per concentration was tested.

Chl orpyrifos concentrations tested were nonminal. Wter quality
paranmeters during the test averaged: tenperature of 20°C to 25°C
pH was not nentioned; and di ssol ved oxygen level of 7.3 ng/L to
10.7 nmg/L; hardness/salinity was not nentioned. Algal bloons in
the control ponds were significantly smaller and | ess persistent
than the bl oonms observed in treated ponds. Zoopl ankton in
treated ponds were al nost conpletely elimnated 48-h after

chl orpyri fos exposure.

Lal et al. (1987) - In 1987, 35-d growth studies and 5-d nitrogen
fixation studies were perforned by the Departnent of Zool ogy, Sr
Venkat eswara Col | ege, India on technical grade chlorpyrifos
(>969%9 with blue green al gae Anabaena and Aulosira fertilissinma.
Commonl y recogni zed testing guidelines were not nmentioned. Three

concentrations of chlorpyrifos were tested and a sol vent control
was used. Two replicates per concentration were tested.

Measur enent of chlorpyrifos concentrati ons was not nentioned.
Water quality paranmeters during the test averaged: tenperature of
28°C to 30°C, pH of 7.5; dissolved oxygen | evel was not

menti oned; and salinity not nmentioned. At 5 ng/L and 10 ng/L

chl orpyrifos was found to generate norphol ogi cal effects on
cellular orientation and nunber within algal filanents in both
species of algae. A slight stimulation in gromh was observed in
Aulosira fertillissima at 1 ng/L chlorpyrifos (the | owest
concentration tested). Gowth inhibition was observed for the

ot her concentrations of chlorpyrifos tested with Aulosira
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fertillissima. G owth inhibition was observed i n Anabaena at al
concentrations of chlorpyrifos tested.

Maly and Ruber (1983) - In 1983, 96-h static toxicity tests were
performed by the Departnent of Biology, Northeastern University,

Boston on technical grade chlorpyrifos (percent active ingredient
not specified) with diatons N tzschia closterium Anphora
coffeaform s v. borealis, and Anphi prora sp., the green al gae

Chl orococcum sp., and di nofl agel | ate Gonyaul ax sp. Comonly
recogni zed testing guidelines were not nmentioned. Four
concentrations of chlorpyrifos were tested and a sol vent control
was used. The nunber of replicates tested was not nentioned.
Measurenent of chlorpyrifos concentrati ons was not nentioned.
Water quality paranmeters during the test averaged: tenperature of
23 +2°C to 32 +3°C; pH was not nentioned; and salinity of 27° .
Control survival was not nentioned. Critical values were not
report ed.

Steelnman et al. (1966) - In 1966, 24-h and 48-h toxicity tests
were perforned by Louisiana State University on Dursban® (percent
active ingredient not specified) with coliform anylolytic,
enterococci, lipolytic, and proteolytic bacteria. Society of

Anmeri can Bacteriologists (1957) testing guidelines were foll owed.
Fi ve concentrations of Dursban® were tested and a water contro
was used. Three replicates per concentration were tested.

Chl orpyrifos concentrations tested were nonmnal. Wter quality
parameters during the test averaged: tenperature was not

menti oned; pH of 7.0; the medi um was aerated; and hardness was
not nentioned. There was about 24 million bacteria cultures in
the control at 24-h and approximately 29 mllion at 48-h.

Dur sban® was found to have a small effect on bacteri al
popul ati ons. The LGy, value for the bacteria was 0.028% Dur sbank
| mportant information, such as the percent active ingredient, was
| acki ng.
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WAl sh (1983) - In 1983, 48-h static toxicity tests were perforned
by the U S. EPA on chlorpyrifos (the percent active ingredient
not specified) with diatom Skel etonema costatum APHA (1975)
testing guidelines were followed. Five concentrations of

chl orpyrifos were tested and a sol vent control was used. Three
replicates per concentration were tested. Measurenent of

chl orpyrifos concentrati ons was not nentioned. Wter quality
paramnmeters during the test averaged: tenperature of 20 +0.5°C, pH
of 8.1; dissolved oxygen | evel not nentioned; and salinity of
30° ,,. Control survival was 96% The 48-h EGC,, val ue, based on
growh, for S. costatumwas 1200 pg/L. Inportant information,
such as percent active ingredient, was |acking.
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APPENDI X D. Procedures used by the California Departnment of Fish
and Gane to prepare hazard assessnents.

The California Departnent of Fish and Ganme (CDFG Pesticide
| nvestigations Unit assesses the hazard of pesticides to aquatic
organi sms. The hazard assessnment procedure includes eval uation
of toxicity studies, establishnent of Water Quality Criteria
(WX, and assessnent of potential hazards.

Acute and chronic toxicity data are obtained from studies
published in scientific literature and | aboratory reports
requi red by EPA for pesticide registration. The CDFG eval uates
the quality of these data by evaluating the tests for conpliance
wi th standards adapted fromthe Environnental Protection Agency
(EPA) and the American Society for Testing and Materials (ASTM.
The tests are evaluated for conpliance with standards for test
type, nethod, design and species, and for water quality and
t oxi cant nonitoring and mai ntenance. Al though a study need not
conply with every standard, tests are rejected if they do not
observe certain fundanental procedures or if several inportant
standards are not net. Studies are also rejected if they do not
contain sufficient information to be properly eval uated and the
necessary informati on cannot be obtained fromthe original
resear cher.

Acute toxicity data from acceptable tests on freshwater and
saltwater organisnms are used to determne a Final Acute Val ue
(FAV). The EPA (1985) guidelines reconmend eight famlies of
freshwat er organi sns for which data should be avail able for
deriving a freshwater FAV, and eight famlies of saltwater
organisnms for deriving a saltwater FAV. The EPA (1985) procedure
does not discuss derivation of an estuarine FAV. The FAV is
cal cul ated as foll ows:
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The Species Mean Acute Value (SMAV) is the geonetric mean
of EGCs, val ues and LG, values fromall accepted toxicity
tests performed on that species.

The Genus Mean Acute Value (GVAV) is the geonetric nean of
all SMAVs for each genus.

The GVAVs are ranked (R) from"1" for the lowest to "N' for
the highest. ldentical GVAVs are arbitrarily assigned
successi ve ranks.

The cunul ative probability (P) is calculated for each GVAV
as R/ (N+1).

The four GVAVs with cumul ative probabilities closest to
0.05 are selected. |If fewer than 59 GVAVs are avail abl e,

these will always be the four |owest GVAVs.

The FAV is calculated using the selected GVAVs and Ps, as
fol | ows:

3((1n GVAV) 2 - ((3(1n GVAV)) ¥ 4)

3(P) - ((3(%P))? 4)
L = (3(In GVAV) - S(3%P)))/4
A = S(%0.05) + L
FAV = eA
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Chronic toxicity data from acceptable tests on freshwater
and saltwater organisns are used to determ ne a Final Chronic

Value (FCV). |If data are available for the eight freshwater and
saltwater famlies, the FCV is cal cul ated using the sane
procedure as described for the FAV. |If sufficient data are not

avai l abl e, the foll ow ng procedure is used:

1. Chroni c values are obtained by cal cul ating the geonetric
mean of the NOEC val ue and the LCEC val ue from accept abl e
chronic toxicity tests.

2. Acut e- Chronic Ratios (ACR) are cal culated for each chronic
val ue for which at | east one correspondi ng acute value is
avai |l abl e. \Wenever possible, the acute test(s) should be
part of the sanme study as the chronic test.

3. The Final ACR value (FACR) is calculated as the geonetric
nmean of all the species nean ACR val ues avail able for both
freshwat er and sal twater species.

4. FCV = FAV/ FACR

Plant toxicity data from al gae or aquatic vascul ar plants
are used to determne a Final Plant Value (FPV). The FPV is the
| onest result froma test with a biologically inportant endpoint.

The WQC i s equivalent to the | owest of three values: FAV,
FCV, or FPV. Separate WQCs can be generated for freshwater and
saltwater species if the specific water systemis solely
saltwater or freshwater. The WX can be |lowered to protect
i mportant species.

The CDFG conpares the WQC with concentrati ons detected in
specific waters. |If concentrations are greater than the WQC, the
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CDFG determ nes that aquatic organi sns nmay be threatened, and
potential solutions are expl ored.

Hazard assessnent is an iterative process by which new data
are evaluated to refine the WC. Hazard assessnents frequently
recommend additional toxicity tests with sensitive native species
and commonl y-used testing organisns |isted by ASTM
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